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NATIONAL POLICY 


NEW METHODS TRIED TO ACHIEVE MORE ACCURATE ENERGY FORECASTS 
Beijing NENG YUAN [JOURNAL OF ENERGY] in Chinese No 1, 25 Feb 83 pp 9-10, 16 


[Article by Wang Jiacheng [3769 1367 6134] and Yan Xiutong [7051 0208 2717]: 
"Using Sectoral Analysis To Forecast Energy Demands"™] 


[Text] Forecasting energy demands plays an important role in the drawing up 
of national (or regional) energy development plans. Energy development plans 
and national economic development plans are very closely related, In the 
overall national economy, the development of energy is determined by national 
economic development and at the same time it may also limit national economic 
development. The 12th Party Congress brought out the strategic goals for 
economic development within the next 20 years in China. At the same time, it 
pointed out that solving the energy problem is a key strategy of this goal. 
As China's modernization and economic buildup gain momentum, the demand for 
energy will continue to increase. How much energy will be needed to realize 
China's strategic goals of economic development in the next 20 years? How 
much energy will be needed for each stage of economic development? We must 
use scientific methods to forecast them, There are many methods to forecast 
energy demands. This article will describe the sectoral analysis method. 


Using sectoral analysis to forecast energy demands involves the analysis of 
energy consumption by the sectors in a base period (or year), taking the 
amount of energy consumption per unit of national income as an indicator to 
comprehensively reflect the technical and management levels of energy con- 
sumption of each sector, appropriately estimating the possibility of improv- 
ing the effective rate of utilization and of lowering the unit energy con- 
sumption within the forecast period. It also comprehensively forecasts energy 
demands by taking into consideration the rational changes in the national 
economic structure. 


Based on the actual situation of energy consumption in China, the total amount 
of energy consumed (E) consists of four =2jor elements: energy consumption 
(En) of the material production sector; civilian energy consumption (Ep); 
energy consumption of the nonmaterial production sector (Eq); and loss in 
energy conversion, storage, transportation (Ew); i.e., E = En + Ep + Eq + Ew. 
The amount of energy consumption of the material production sector is the sum 
of the consumption of energy in agriculture, industry (may be divided into 
light industry and heavy industry), construction, transportation, and com- 
merce. The national (or regional) consumption of energy by sector during the 
base period (or year) can be obtained by drawing up an energy balance chart. 








The use of sectoral analysis to forecast enerjyy demands requires finding the 
total amount. The first step is to calculate the energy demand of the mater- 
ial production sector (En). In view of the present situation of energy con- 
sumption in China, the amount of energy consumption by the mate -ial production 
sector constitutes 75.4 percent of the total energy consumption, making it che 
key sector in energy forecasts. 


We know that the material production sector is the sector that provides the 
production value of the nation. The amount of energy consumption of each 
material production sector is determined by how much production value this 
sector provides and the amount of energy consumption per unit of production 
value. If M} represents the production value provided by the eth material 
production sector, Q, represents the energy consumption per unit production 
value of the sth material production sector, then the formula for calculating 
the amount of energy consumption (Ej) of the ¢#th material production sector 
is Eg = MjQz. In this way, the energy consumption of the material production 
sector is: 


E.- > B= > M0, 


i=} i= (1) 


The production value indices of our material production sector are divided in- 
to "total production value" and "net production value." The sum of the total 
production values of all material production sectors constitutes China's 
"total product of society." The sum of the net production values constitutes 
our "national income." When forecasting energy demands, we believe it is more 
suitable to use the "national income” index. This is because the national in- 
come index can avoid redundant computation in calculating the index of the 
total product of society. The energy consumption per unit of production value 
calculated with the national income index can more accurately reflect the eco- 
nomic results of energy utilization by each material production sector. 


When we require that the national economic development reaches a definite 
growth rate during the forecast period, the key in using sectoral analysis 

to forecast the energy demand of the material production sector is to accur- 
ately estimate the change in the sectoral constituency of a material production 
sector in the national income and the change in the energy consumption of each 
sector per unit of national income (net production value). 


The energy consumption of a nation (or a region) is not only related to 
national economic development, it is also related co changes in the structure 
of the sectors of the national economy. When other conditions remain con- 
stant, the same amount of national income may have a different energy consump- 
tion as the structure of the material production sector changes. According to 
calculations, the difference in the value of energy consumption Q of different 
material production sectors per unit of national income in our nation is very 
large. For example, in 1980, energy consumption by heavy industry (326,000 
tons of standard coal) per 100 million yuan of national income was 4.7 times 
that of light industry (69,700 tons of standard coal) and 10.2 times that of 
agriculture (32,100 tons of standard coal) (for details see accompanying 
table). Therefore, in the near future as we require economic development to 











maintain a definite growth rate but the growth in energy production in China 
is limited, appropriately readjusting the sectoral structure, i.e., readjust- 
ing the relationship between the national income of the material production 
sector and the total national income is an effective measure to reduce the 
total amount of energy consumption. Calculations of the numerical values in 
the table show that when other conditions remain unchanged, lowering the per- 
centage of the national income of heavy industry by 1 percent and raising the 
percentage of light industry by 1 percent can conserve 9.33 million tons of 
standard coal. For this, we must consider the change in the sectoral struc- 
ture in national income when using sectoral analysis to forecast the energy 
demand of the material production sector. If we use M to represent total 
national income, and mg to represent the percentage of national income of the 
g@th material production sector in the total national income, then the formula 
for calculating the energy consumption (En) of the material production sector 
can be obtained by rewriting equation (1) as follows: 


E,= >. Mm, (2 


ii 


Td 


The energy consumption index (Q) per unit of national income is a compzrehen- 
sive index that measures the effective utilization of energy and the economic 
results of energy utilization in a nation (or region). When the sectoral 
structure of the national economy does not change, the amount of energy con- 
sumption per unit of national income of each sector directly affects the 
amount of energy consumption of the material production sector. In the ma- 
terial production sectors, reducing the energy consumption per unit of 
national income and using the same amount of energy can create more national 
income. In recent years, we have implemented the energy policies of “equal 
emphasis on development and conservation," and "putting energy conservation 
in a prominent position for the near-term.” The degree of effective utiliza- 
tion of energy by each sector visibly improved, and energy consumption per 
unit of national income visibly dropped. According to calculations, from 
1977 to 1980, the annual average reduction in energy consumption per 100 mil- 
lion yuan of national income through the nation was 3.5 percent. In the future 
progress of realizing our strategic goals to develop the economy, continuing 
to implement energy conservation policies, especially relying on progress in 
science and technology, and continuing to improve the rat: of effective utili- 
zation of energy by each sector are important measu~es to solve the energy 
problem. Therefore, when making forecasts of energy demands, we should con- 
sider and estimate the important factor of reducing the energy consumptior. 
per unit of national income of each sector. 


Ami: 
After we have more accurately estimated the rate of change (=+) of the 
> 


percentage of national income attributable to each material production sector 

during the forecast period and the rate of change ( “2 of energy consumption 
, , Q 

per unit of national income, the energy demand (Ent)? d¢ the material produc- 

tion sector at the end of the forecast period can be expressed by a computa- 

tional formula as follows: 
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where: t is the last year of the forecast period; t; is the base year; M, is 
the total national income of the base year; 


AM. . 
7 is the annual average growth rate of the national income to be realized in 
‘ 4 


: Am j 
the forecast period, ay is the annual average rate of change of the proportion 


of the national income of the e#th material production sector in the forecast 
period; 


at is the annual average rate of change in energy consumption by the sth 


material production sector per unit of national income; mg, and Qj» are both 
‘numerical values for the base year. 


The proportion of our nation's civilian energy consumption (Ep) in past years 
has always been about 17 percent of the total amount of energy consumption. 

The percentage of the energy consumption (Eq) of the nonmaterial production 
sector is about 2 percent. When we consider the population increase and neces- 
sary improvements in the standard of living, the energy demands of these two 
sectors will increase in the future. When using sectoral analysis to forecast 
energy demands, we need to appropriately estimate the growth of energy consump- 
tion of these two sectors within the forecast period. If we represent the 
average ~nnual rate of change in civilian energy consumption in the forecast 


period by 2. and the annual average rate of change of energy consumption of 
the sonmatertal production sector in the forecast period by 2 then the 


demand for civilian energy (E,;,) and the demand for energy by the nonmaterial 
production sector (E,,) at the end of the forecast period can be obtained by 
the following computational formula: 


4E,\'~* 
=n == 
Ey, = En (1+ at) (4) 
F,\'-* 
Ey ~ Egil + 4s 
. a( eS) (5) 


where: E. and Eq, are numerical values of the base year. 


At present, the loss (Bw) in the course of processing, converting, storage and 
transporting energy in our nation is relatively large. Through technical im- 
provement and such measures, the rate of loss of energy will gradually drop. 
If we represent the annual average rate of change in the loss of energy in 








conversion, storage and transportation during the forecast period by = » then 
the loss (EL) of energy in conversion, storage and transportation at the end 
of the forecast period would be 


i) 
| = Ea(1 — 4s) 


Ee (6) 
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where E, is the numerical value of the base year. 


On the basis of surveying and analyzing the energy consuming sectors (or sec- 


tors) of the whole nation (or region), the computational formula to forecast 
the total energy demand (Et) by sectoral analysis can be expressed as: 


E,= E,,+ En, + Eg + E os 


= f IM i". 
->|m(i+ ay) 

me\i + =.) . 

-Oe(1 + ay 


+ F.ue(l + JE,/E,)* 
+ Fe(l + 4E,/E,y* 
+ Efi + 4E,/E.)* (7) 


When using sectoral analysis to forecast energy deuand, we need to gather and 
organize historical and current data on the energy consumption of each sector, 
unit energy consumption and production values. We must consider and estimate 
the demands made upon each sector in national economic development during the 
forecast period and the techniques and measures of energy conservation that 
can possibly be taken. After determining some variable factors, we can use 
the computer to calculate many forecast plans and select the best plan that 
coincides with the actual situation. This method is more suitable for fore- 
casting near-term and mid-term energy demands. 
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HYDROPO WER 


EXCAVATION WORK ON DONGJIANG HYDROPOWER STATION DAM SiTE NEARS END 
Beijing XENMIN RIBAO in Chinese 3 Jun 83 p 2 


[Texg] The work on excavating the foundations for the dam of the Dong jiang 
Hydroelectric Power Station, the largest hydropower station in Hunan at 
present, has entered the final stages. Construction personnel are now 
preparing to build the highest double arch dam among all the hydropover 
stations now under construction in the nation. 


As the dam of the Dongjiang Hydropower Station is to be built on a founda- 
tion of golid granite, a double arch configuration has been chosen. The 

dam has a design base width of 35 m-ters, will be 7 meters wide at the top 
and have a height of 157 meters. After the dam has been built, the reservoir 
can store 8.1 billion cubic meters of water, the largest reservoir of any dan 
in Hunan Province. According to plans, the Dongjiang Hajropower Station 
will have four generators with a total installed capacity of 590,000 
kilowatts. The No. 1 generator is scheduled to begin operation in 1986. 
After the whole station has been completed, it will be capable of generating 
1.32 billion kilowtt-hours of electricity a year. In order to regulate the 
flow of water and guarantee a balanced supply for egricultural production 
downstream, a maller Dongjiang station will be built some 9 kilometers 
below the main hydropower station. 


Today, Hunan Province has a total hydropower output capability of 7.5 million 
kilowatts to feed into the grid, but during the low-water season the pover 
generaticn capacity is only one-third this figure. In Hunan, the low-wter 
season lasts for as long as 7 months out of the year, and as a result, powr 
for industrial use has been unreliable for a long time and the people also 
have had to do without. The Dong jiang Hydropower Station is unique in that 
it will play a regulatory role over a mmber of years. Because its reservoir 
capacity is @ large, it can store a lot of water during the rainy season and 
then generate power during the dry season, using the water stored up over 
the years to produce electricity. The electricity generated by the station 


will be tran@nitted by three 220-kilovolt high-tension lines into the Hunan 


grid, where it will play a decisive compensatory and regulatory role, signi- 
ficantly reversing the situation of power shortages in the province during the 
dry season. The Dongjiang Hydropower Station will also serve flood control, 
shipping, and 4quaculture and provide water for industrial and agricultural 
needs. It will also remove the threat of floods for approximately 10,000 
mou of fieids. 








The Dongjiang Hydropower Station was begun in March 1979 and last year 
[79827 was designated a key state construction project. In the excavation 
of the dam site, engineers and technicians for the first time successfully 
employed the new technique of "pre-crack" blasting in solid granite. In 
order to guarantee that the pouring of concrete for the dam gets under way 
after this year's flood season, 6,000 engineers and construction workers 
are now trying to finish up the excavation of the dam foundat ion. 


CS: 4013/247 











HYDROPOWER 


ANKANG HYDROPOWER PROJECT TO BLOCK FLOW OF HAN JIANG BEFORE END OF 1983 
Xi'an SHAANXI RIBAO in Chinese 22 May 83 p l 


[Photograph and caption] 





When the Ankang Hydroelectric Power Station has been completed, it will have 

an installed capacity of 800,000 kilowatts. Now under construction, the project 
will block the flow of the Han Jiang this year. Above is an artist's sketch of 
the [completed] hydropower station. 


CSO: 4013/250 














HYDROPOWER 


BAISHAN PERSONNEL DETERMINED TO GENERATE POWER IN 1983 
Beijing SHUILI FADIAN [WATER POWER] in Chinese No 1, 12 Jan 83 p 5 
[Article by Zhang Jihua [1728 4949 5478]] 


[Text] On 16 November 1982, the largest hydropower station in the North- 
east--the Baishan hydroelectric project--closed its floodgates and began 
filling its reservoir, setting the stage for the first generator bank to 
go into operation in 1983. 


The Baishan Hydroelectric Station is located on the Di'er Songhua Jiang in 
Jilin Province; the dam is located 250 km upstream from the Fengman Hydro- 
electric Station. It is a large station designed for the dual purpose of 
power generation and flood prevention. The construction project was divided 
into two stages. The first stage involved building a concrete gravity-arch 
dam and an underground facility on the right river bank; it has a generating 
capacity of 900,000 kw, and a reservoir capacity of 6.215 billion cubic 
meters. The second stage involves building an above-ground facility on the 
left river bank, with a generating capacity of 600,000 kw. The project is 
now in its first stage of construction. The power station is strategically 
located in the central part of the northeast power distribution network. 

It will regulate the peak load and frequency and provide emergency reserve 
power for the main network. Upon completion, the power station will provide 
relief to the marginal power supply situation in the northeast, and will 
have a significant impact on the economic development of Jilin, Liaoning, 
and Heilongjiang provinces. 


In response to the recommendation of the Water Conservancy and Hydroprwer 
Construction Work Conference to devote our efforts to hydropower construction, 
and to the requirement of ensuring successful operation of the first generator 
of the Baishan project in 1983, all project personnel are making a concerted 
effort to speed up the construction. According to the project plan, the 
construction workload during the first stage includes the following: excava- 
tion: 4.5 million cubic meters of earth and rock; concrete construction: 

2.05 million cubic meters; installation of metal structures: 14,000 tons; 
screen mortar filling: 41,000 m; crevice mortar filling: 118,000 m2; 

secure mortar filling: 100,000 m; the total investment is approximateiy 

900 million yuan. As of October 1982, 550 million yuan of the project work 
had been completed. At the present time, all the excavation work has been 
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completed except for the tailwater project (which must await the closing of 
floodgates to cut off water); also, 75 percent of the concrete construction, 
67 percent of metal structure installation, and 50 percent of the mortar 
filling work have been completed. In order to monitor the progress of con- 
struction, the Water Conservancy and Hydropower Development Company had 
established a permanent project team on 1 January 1982 to be stationed at 
the project site; in September of the same year, an inspection team was 
Organized to conduct a full-scale inspection of the project. On the basis 
of the current status in meeting the project schedule, the First Engineering 
Bureau submitted a report in October to the Ministry requesting an interim 
inspection of the Baishan hydropower project and approval for closing the 
floodgates and storing water in the reservoir. Under the sponsorship of 

the Water Conservancy and Hydropower Development Company, four special teams 
consisting of over 130 specialists and comrades from the design, construc- 
tion, and operating units were organized. From 27 October to 12 November, 
they conducted field inspections, checked engineering data, and engaged in 
serious discussions, concluding that the current status of dam construction 
met the requirement for closing the floodgate and storing water in the 
reservoir, and the quality of concrete structure basically met design 
requirements; although the crevice mortar filling, the treatment of cracks 
in the suspended structure upstream of the deep water hole, and the installa- 
tion of metal structures remain unfinished, the construction units assured 
them that these projects would be completed before the water level rises; 

on the basis of initial measurements taken by the monitoring systems, the 
projects under construction also meet the basic design requirements. Clean- 
up work and relocation of residents in the regionhad been completed; proce- 
dures for closing the floodgates and storing water, and cross-over plans had 
been established and provisions had been made to supply water downstream. 

In addition, a decision was made to leave a drain hole open for emergency 
purposes. In other words, the Baishan project was essentially ready for 
floodgate closing and water storage. Upon approval by the inspection and 
certification committee, the floodgate closing date was set for 16 November. 
At 11:30 on that day, the floodgates of the two big drain holes of the dam 
began to close, and they reached bottom at 12:03 (the closing speed of the 
floodgate is 1.16 m/min, the flow velocity is 2 m/sec, and each floodgate 
weighs 200 tons). 


After closing of the floodgates, the unfinished projects must be accelerated 
to race against the incoming water; and the tasks are particularly hard 
because of the severe winter weather. Today, motivated by the spirit of 

the 12th Party Congress, the personnel of the First Engineering Bureau are 
determined to overcome any difficulty, take effective measures, establish 
efficient and responsible organizations, and concentrate on engineering 
quality to ensure the completion of each task on or ahead of schedule. 

They are also committed to making a contribution to hydroelectric construc- 
tion by completing the water storing process, and bringing the first generator 
bank into operation in 1983, so that the pay-off from the construction project 
can be realized at the earliest possible date. 


3012 
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HYDROPOWER 


SUCCESS OF WUJIANGDU OPENS WAY FOR FUTURE PROJECTS IN KARST REGIONS 
Beijing SHUILI FADIAN [WATER POWER] in Chinese No 3, 12 Mar 83 pp 3-4 


[Article by Li Eding [2621 7725 7844]: "Conscientiously Summarize Experi- 
ences and Create a New Situation for Hydropower Construction--Congratulating 
the Victorious Completion of the Wujiangdu Hydroelectric Power Station"] 


[Excerpts] The Wujiangdu Hydroelectric Power Station is the first large 
hydroelectric power station built in a karst region in China. The 165-meter- 
high arch gravity dam and the main sluicing structure have undergone the test 
of storing water and discharging floods under design conditions. All three 
210,000-kilowatt hydraulic turbine generators are now operating. As of the 
end of 1982, they had generated a total of 2.837 billion kilowatt-hours of 
electricity. The victorious completion of the Wujiangdu Hydroelectric Power 
Station has provided us with valuable experience in building tall dams in 
karst regions. It will play a significant role in promoting the development 
of hydraulic resources in China's southwest region. 


Building a hydroelectric power station in a karst region, especially tall 
dams and large reservoirs, requires solving a series of technical problems in 
the geological survey of karsts, the protection and repair of reservoirs, the 
arrangement of main projects in deep gorges, and the dissipation of energy of 
the massive amount of discharged floodwater. In China in the past, people 
have shied away from these problems. The area of distribution of the car- 
bonatite series in China is over 2 million square kilometers concentrated in 
the provinces and regions of Yunnan, Guizhou, Sichuan, and Guangxi where 
hydraulic resources are very abundant. Therefore, whether we can build tall 
dams and large hydroelectric power stations successfully in karst regions is 
also an important question of whether the hydraulic resources of this region 
can be economically and effectively developed, and it is a problem that ur- 
gently needs to be solved. The completion of the Wujiangdu Hydroelectric 
Power Station is our affirmative answer in practice. 


The site of the Wujiangdu Dam is on limestone geostrata. Karst and under- 
ground streams are developed on both banks. The depth of maximum development 
of karst caverns on the left bank extends 200 meters below the riverbed. 
Fifty meters downstream from the foot of the dam is soft shale 80 meters 
thick and its fragmental zone. The topography is thin on the shoulder of 
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the right side of the dam. Karst is developed and there is also a concentra- 
tion of rifts and soft intercalations. The design flow of floodwater at 
Wujiangdu is 19,200 cubic meters/second and the verified flow of floodwater 
is 24,400 cubic meters/second, but the riverbed is narrow. During the dry 
season, the width of the water surface is only 70 meters. These complex 
topographic and geological conditions created great difficulties in engineer- 
ing construction. At the beginning of construction, people worried about 
three major problems: One was whether the reservoir could hold water. The 
second was whether the large dam would be stable. The third was whether the 
floodwater could be safely discharged. The solution to these three major 
problems not only was related to the success or failure of the construction 
of the Wujiangdu Hydroelectric Power Station, it was also related to whether 
we could open up a way to build tall dams in karst regions. 


The Wujiangdu project successfully used high-pressure cement grouting cur- 
tains 2nd measures to prevent leakage by connecting the curtains with water 
separating layers of sandy shale upstream. The problem of reservoir leakage 
was solved. The curtains extend for about 1,000 meters in total length. The 
total depth of drilled holes for grouting reached more than 190,000 meters 
and the maximum grouting pressure reached 60 kilograms/square centimeter. 
More than 50,000 tons of concrete used in high-pressure grouting were poured 
in the area. Observational data show that under the design waterhead, seep- 
age through the large dam and the foundation of the power plant each day and 
night is less than 10 cubic meters. The lifting pressure of the foundation 
of the dam is far smaller than the design value, initially indicating that 
the results of leakage prevention and drainage are good. The scale, technical 
requirements and difficulties in construction of the project to prevent leak- 
age at Wujiangdu are unprecedented in China. After a long period of survey- 
‘ng, testing, research and construction practice, we tentatively found a set 
of feasible and effective techniques for surveying karst, hydrogeological 
observations, high-pressure grouting, and construction. Also, welcomed re- 
sults were realized in the preliminary exploration of the mechanism of high- 
pressure grouting. These experiences are all very valuable. 


We need to point out that the results of preventing leaks from the foundation 
will change as time goes on. They may develop unfavorably. Therefore, in 
the operation of future power stations over a long period, we should also 
concentrate on careful observations to discover problems in time and take 
necessary measures. 





In dealing with the problem of stability of the foundation of the large dan, 
the Wujiangdu project relied mainly on gravity and used the arch gravity dam 
to suit the site which was characterized by the presence of soft shale down- 
stream from the foot of the dam and an abundance of soft geological surfaces 
on the right shoulder of the dam. Concrete pillars were used to transmit 
the forces of the water against the dam and consolidation and induration 
grouting were used to strengthen the right dam shoulder. A part of the water 
pressure is transmitted to the two banks to reduce the burden on the founda- 
tion of the riverbed. These measures greatly improved the overall margin 

of safety of the large dam. In construction, we paid attention to tempera- 
ture control. The quality of grouting of the joining seams was good and 
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this guaranteed the integrity of the large dam. Thus the problem of sta- 
bility of the large dam was appropriately solved. Preliminary observations 
indicate that deformation of the exterior of the dam body is slight and the 
stress on each part is normal. 


To appropriately solve the problems of a high waterhead, large amount of flow, 
and flood discharge and energy dissipation in the narrow riverbed, the plan 
and arrangement of the main project of Wujiangdu underwent several major re- 
visions in the course of designing. After repeated hydroengincering model 
tests, we finally decided to utilize the favorable condition of a deeper water 
cushion in the downstream riverbed during the flooding period to dissipate 
energy by separating large amounts of waterflow. The maximum single width 
flow reached 240 cubic meters/second. The plant, spillway and switching sta- 
tion were arranged in an overlapping way. The flood discharge through the 
tunnels on the two banks, the skijump spillway on the two sides of the body 
of the dam and flood discharge by the overhead spillway that crosses over 

the plant at the center of the dam and in front of the plant were combined. 
The exit of each flood discharge structure was staggered so that the falling 
point of the tongue of water dispersed longitudinally along the riverbed. 

In addition, air ducts were generally used on the surface of the overhead 
spillway to mix air with water and reduce erosion. Flood discharge tests 
with different waterheads and different floodgate settings and a relatively 
long time of operation showed that the floodgates of each flood discharge 
structure opened and closed easily and the results of mixing air and reduc- 
ing erosion were good. Serious scouring did not occur in the downstream 
riverbed. Vibration of the plant structure was small and the generators 
Operated normally. The switching station on the spillway was not affected 

by water and mist. The compact arrangement of the main project of Wujiangdu 
successfully dissipated the energy of the flood discharge. 


Also worth mentioning is that the arched 72-meter-span aqueduct which is con- 
nected to the flood discharge tunnel on the right bank has a maximum dis- 
charge of 2,135 cubic meters/second. Many flood discharge tests showed that 
the vibration was slight and the structure remained intact, a successful ex- 
perience in large flood discharge structures spanning soft geostrata. 


During the course of building the Wujiangdu project, comprehensive mechaniza- 
tion of construction was realized, relatively new technological processes 

and technologies were used, construction management was strengthered, atten- 
tion was paid to conserving materials, construction quality was guaranteed, 
production efficiency continued to improve, the co.t of construction visibly 
dropped, actual investment did not surpass estimates, and there was a surplus. 
This has been seen only rarely in the construction of large projects in re- 
cent years. The Wujiangdu project also successfully built a large artificial 
sand and rock material system with an annual production of 2 million tons 
during the construction period. The quality of sand and rock products was 
good, the price was cheap, and this provided experience in building dams in 
an area that has a shortage of natural sand and rock materials. 


The series of successful experiences acquired in the course of building the 
Wujiangdu Hydroelectric Power Station is very precious. They are all worth 
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learning from and applying in our future construction of hydroelectric power. 
A very important point in acquiring these experiences is that in the course 

of construction, surveying, designing, construction and scientific research 
were always combined tightly together. We insisted on the scientific attitude 
of seeking truth from facts. We dared to create new things, to practice, and 
to explore ways to solve the problems proposed by objective reality. Facts 
prove that with such a spirit, technical difficulties can be victoriously 
solved. By solving the difficulties, technical standards will surely realize 
further improvement. 


There have been deviations in the course of construction of the Wujiangdu 
project. There have been setbacks. There were experiences and lessons. Pre- 
liminary surveying for the dam site at Wujiangdu was not profound enough. To 
understand engineering geology and hydrological geology of karst geostrata, 
construction of the main project was discontinued for a time to carry out sup- 
plemental surveys. At the beginning period of construction we wanted urgently 
to complete the project and we reversed the normal construction procedures, 
arbitrarily poured 3,000 cubic meters of concrete that did not pass inspec- 
tion, and later we had to blast it away and do it over again. This also de- 
layed construction progress. During the latter stage of construction, we 
lacked practical experience, we did not understand high velocity water flow 
sufficiently, we did not handle the relationship between storing water and 
generating electricity ahead of schedule well or the safe passing of floods. 
During the latter period, diversion did not meet the originally planned re- 
quirements and the power plant was flooded. Because of the above reasons, 

and because the first 7 years of construction of the project were during the 
10 years of upheaval, construction preparations took 4 whole years, and it 
took nearly 6 years from the time the first cubic meter of concrete was pour- 
ed to the time the first generatcr began generating electricity. Thus the 
entire construction period lasted 13 years. Now, in retrospect, it is en- 
tirely possible to shorten the construction period to 9 to 10 years under 
normal situations to build a large project like Wujiangdu which has more com 
plex and difficult conditions. Even so, as the first large hydroelectric 
power project built in a karst region, it was able to smoothly pass various 
challenges the first time the designed floodwater level was reached, and this 
was encouraging. As long as we correctly learn the lessons from the devia- 
tions we have traversed, we will benefit from them in future hydroelectric 
power construction. 


The completed Wujiangdu Hydroelectric Power Station provides cheap power to 
the Guizhou region and eastern Sichuan. It will become one of the backbone 
electri: power stations in the southwest power grid and contribute to national 
economic development. The investment per kilowatt was about 930 yuan. The 
investment per unit of electric power was about 0.18 yuan/kilowatt-hour, and 
the economic results of the power station are very visible. This fully shows 
the superiority of developing hydraulic resources. 


At present, the whole nation has entered a period of creating a new situation 
in socialist modernization. The 12th Party Congress proposed the glorious 
goal of quadrupling the total production value in industry and agriculture 

in 20 years. The development of energy is one of the key strategies in 
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modernization and economic buildup. The buildup of electric power must 
gradually shift its emphasis to hydroelectric power. This issue of “Hydro- 
power" is the "Special Issue on the Wujiangdu Hydroelectric Power Station." 
The purpose is to further promote the development of China's hydroelectric 
power construction by systematically summarizing and introducing the experi- 
ence in building the Wujiangdu Hydroelectric Power Station. 
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HYDROPOWER 


WUJLANGDU PROVIDES WEALTH OF EXPERIENCE FOR ENGINEERS, PLANNERS 
Beijing SHUILI FADIAN [WATER POWER] in Chinese No 3, 12 Mar 83 pp 5-10 


[Article by Tan Jingyi [6223 7231 1138] of the Eighth Engineering Bureau of 
the Ministry of Water Conservancy and Electric Power: "Basic Experiences 
in Constructing the Wujiangdu Hydroelectric Power Station"] 


[Excerpts] The Wujiangdu Hydroelectric Power Station is situated on the 
middle reaches of the Wu Jiang between Guiyang and Zunyi. The installed 
capacity of the power station is 630,000 kilowatts and its annual output of 
electricity is 3.34 billion kilowatt-hours. It is a large hydroelectric 
power station built in a karst region. 


The dam site is situated on one wing of an inverted anticline. The slopes 
of the banks are precipitous. The riverbed is narrow, and the width of the 
water surface during the dry season is only 70 meters. The foundation of 
the dam sits on limestone of the lower Triassic Series 233 meters thick. 

The upper and lower reaches are all shale groups. The strike of the rock 
strata and the direction of flow of the river are nearly perpendicular to 
each other. The strike inclines towards the upper reaches at an inclined 
angle of 60° to 65°. Karst is developed on the two banks and rifts are con- 
centrated. The total volume of the caverns near the shoulder of the dam is 
more than 80,000 cubic meters. The depth of the karst caverns developed 
along the faults in a section on the left bank reaches 200 meters below the 
riverbed. Hidden rivers developed generally along the strata are under both 
banks downstream right next to the dam. Over 500 faults can be seen in the 
ground surface and inside the horizontal caverns in the dam area. Faults 
may be seen an average distance of 5 meters apart on the ground surface on 
the right shoulder of the dam. Except for a few faults, the length of exten- 
sion and the width of the fragmental zone are generally small. The shale 
group upstream from the foundation of the dam can be used as a water separat- 
ing layer, but the two banks have faulted and the bodies of limestone up- 
stream and downstream from the shale group have come into direct contact to 
form a gap without shale, destroying the integrity of the water separating 
layer. The group of shale downstream from the foot of the dam penetrates 

the river valley laterally and affects the anti-slipping stability of the 
deep layer of the foundation of the dam and increases the difficulties in 
dissipating energy from flood discharge and in preventing scouring. In addi- 
tion, within a 200-kilometer radius of the power station, there are no 
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matural sand and rock material which can be utilized. An artificial sand 
and rock material processing system had to be built. 


The area of the river valley above the dam site is 27,790 square kilometers. 
The average volume of flow over many years is 502 cubic meters/second. The 
amount of flow of floodwater encountered every 20 years is 11,000 cubic 
meters/second. The designed flow of floodwater encountered every 500 years 
is 19,200 cubic meters/second. The verified amount of floodwater encounter- 
ed every 5,000 years is 24,400 cubic meters/second. The dry season lasts 
from November of each year to April of the following year. The amount of 
flow is even. The period from June to July is the major flooding period. 
Because the river channel is narrow and the amount of floodwater is large, 
the range of variation in water levels between the flooding and dry seasons 
is over 30 meters. 


The reservoir is situated in the narrow gorge. The total reservoir capacity 
is 2.14 billion cubic meters. The area flooded in the reservoir region is 
small. A total of about 20,900 mu of cultivated land has been flooded and 
about 10,600 residents were evacuated. 


The arrangement of the main project of the power siation includes a concrete 
arch gravity dam with an enclosed power plant on the riverbed behind the dam. 
The dam is 165 meters tall. The top of the dam reaches 765 meters above sea 
level. The length of the arch is 368 meters and the designed level of water 
storage is 760 meters. The flood discharge structures include a six-hole 
spillway on the dam and one sluicing tunnel on the right bank and another on 
the left bank. On the body of the dam are two smaller middle sluicing holes 
which also serve to drain sand. The total discharge at the designed water 
level of 760 meters can reach 18,000 cubic meters/second. The maximum single 
width flow reaches 230 cubic meters/second.meter. The maximum velocity of 
flow is 41 meters/second, all unmatched elsewhere in the nation. There is a 
release tunnel on the right bank. During the period of operation, the reser- 
voir can be emptied to a certain elevation during the dry season when neces- 
sary. During the latter construction period, it can be used for diversion. 


Because the highest tailwater level is higher than the roof of the power 
plant, the main power plant right next to the back of the dam is entirely en- 
closed in a thick walled frame. The main room of the plant is 106 meters 
long. During the overflow of the large dam, the tongue of the water flows 
over the plant and falls into the riverbed downstream. Three HL638 model 
water turbine generators are installed inside the plant. The single genera- 
tor capacity is 210,000 kilowatts. The main transformer and the 110-kilovolt 
fuel switch are installed in the second building upstream from the main 
plant. On the roof of the plant is a spillway. The outward high voltage 
line is led out by cable. The 220-kilovolt switching station is located on 
the water diversion wall at the end of the spillway. It uses an SF¢ hermetic 
assembly. 


Leakage prevention for the foundation of the dam uses suspended cement grout- 
ing curtains. The curtains extend along the axial direction of the dam 


18 











towards the upper reaches of the two banks. The total distance of the cur- 
tains is 1,000 meters. The deepest part of the bottom line of the curtains 
extends to 200 meters below the riverbed. The total area of the curtains is 
189,000 square meters. The total depth of holes drilled for grouting was 
about 190,000 meters. The maximum grouting pressure was 60 kilometers/square 
centimeter. Concrete leakage prevention walls have been built on a section 
of the right shoulder of the dam. The larger karst caverns above the river- 
bed were cleared and then refilled with concrete. The deep karst caverns 
were treated with high pressure grouting. 


During the construction period, tunnels were used for diversion. The origi- 
nally designed diverted flow was 3,000 cubic meters/second. During the early 
period of construction, the actual amount of diverted flow was 1,320 cubic 
meters/second. After the bottom diversion hole inside the dam was built, 

the flow increased to 2,700 cubic meters/second. Concrete arch weirs were 
built upstream. A mixed concrete and rock filled weir was built downstrean. 


The main body of the power station and accessory projects required about 
2,850,000 cubic meters of rock and 2,550,000 cubic meters of concrete. Cur- 
tain grouting covered over 190,000 meters. 


Preparation for construction of the power station and diversion projects be- 
gan in 1970. In the spring of 1974, pouring of concrete for the large dam 
began. By the end of 1979, the first generator began generating electricity. 
The entire project will be completed in 1983. 


Actual construction and initial operation showed that the quality of con- 
struction of the power station is good. Except for slight leaks in the grout- 
ing curtains, the foundation of the dam, the weak geological surface of the 
shoulder of the dam and the unstable rocks downstream were all appropriately 
treated. The quality of the concrete dam, the power plant and the grouting 

of joining seams met designed requirements. The load on the unstable body of 
rock of Xiaohuang Cliff near the bank of the dam and the reservoir was re- 
duced and the body of rock has now basically stabilized. The operation of 

the generator is good. The shortcomings of the main equipment have been 
eliminated. 


The total designed and estimated investment in the power station was 605 mil- 
lion yuan. More than 17,000,000 yuan in investment are expected to be saved. 
The unit investment per kilowatt is about 930 yuan, the construction cost 

per kilowatt is about 790 yuan, the investment per unit of electric power is 
about 0.18 yuan. 


The geology of the Wujiangdu project is complex. The topography is narrow. 
The amount of floodwater is large, and there is a lack of natural building 
materials. Engineering and technical problems of leakage prevention in karst 
geostrata, structure of the tall dam and treatment of the foundation, dissipa- 
tion of energy of the discharge of a large amount of floodwater from a high 
waterhead and artificial sand and rock materials are all new topics for design 
and construction personnel participating in the construction, and there were 
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not many experiences in our nation that could be referred tc Also, the 
early period of construction was during the 10 years of upheaval. Relatively 
good technical and economic results were obtained under such difficult condi- 
tions because first, the construction teams could better maintain stability 


f the higher authorities, “leftist” 
rected early. This was the 
r 


e were the following basic 


and unity under the correct leadership <c 
ideological interference was less and it was cor 
decisive factor. In engineering technology, the 


- 


experience. 


I. Geological Surveys and Design Were Closely Combined, Engineering Geology 
and Hydrological Geology Were Carefully Covered Providing a Scientific Basis 
for Construction 


The design units conducted a lot of fruitful surveys for the Wujiangdu proj- 
ect from the 1950s to the time construction for the power station began. 

The effort established a foundation for future construction. But because 
the geology of the Wujiangdu project was complex, some situations could not 
be clearly understood at the time, therefore, in 1973, which was some years 
afterwards, supplementary surveying and tests in leakage prevention in karst 
geostrata, stability of the dam shoulders and such key problems were con- 
ducted by using horizontal tunneling, deep hole drilling, and electrical wave 
methods, and during the latter period, measurement of the content of tritium 
in the underground water and such means were used to gradually uncover and 
investigate hydrogeological characteristics of the gap in the water separat- 
ing layer of shale in the upper reaches, the karst distribution in the deep 
parts on the left bank, the low troughs of the underground water table on 
the left and right banks, the karst caverns under the dam shoulders on the 
two banks and under the riverbed, and the distribution of rifts and the 
mechanical characteristics of the body of rock. The discovery of the deep 
karsts under the left bank was very important to the prevention of leakage 
of the foundation of the dam. As surveying work gradually deepened, the un- 
derstanding of some major engineering and geological questions of Wujiangdu 
was enriched, the original limited conclusions were corrected, and a reliable 
reference was provided for determining the route of leakage prevention cur- 
tains, depth of the curtains and the treatment of the foundation. 


The experience of Wujiangdu shows that geological surveying is related to 
the success or failure of the construction project. We must exert maximum 
efforts to grasp the key problems and use many possible means in time, work 
from the whole area to the point and from the surface to the interior. Under 
the guidance of general geological laws, we empha: ized the understanding of 
the special laws and obtained scientific geological conclusions on the basis 
»f fully obtaining first-hand information to guide construction. We must 
never grasp only one piece of information and make quick judgments. The 
larger the scale of the project the more complex the geology and the more 
areful we must be. We must not handle matters carelessly. Unwillingness 
to pay the necessary price in geological surveying will frequently bring about 
enormous losses and waste in construction. 
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Il. The Project Adapted to the Hydrological, Topographic and Geological 
Situation, and the Dam Site, the Type of Dam and the Arrangement of the Main 
Project Were Rationally Selected 


As early as the 1950s, the narrow gorge of limestone between the water sepa- 
rating layers of shale upstream and downstream was selected as the site for 
the dam to facilitate leakage prevention in the karst geostrata. Practice 
proved that the selection of the dam site was correct. But the valleys and 
ravines formed by the shale caused the lower reaches of the shoulders on rhe 
two banks of the dam to become suspended. The body of the mountain was 
fragile and it was cut by many weak geological surfaces. The soft shale 
only 50 meters from the foot of the dam and slanting upstream not only af- 
fected the stability of the deep layers of the foundetion of the dam on the 
riverbed, it also had a very weak ability to resist scouring. Witb the nar- 
row topography and the large amount of floodwater, the difficulty in dis- 
sipating energy from the flood discharge was increased. 


After repeated comparative analysis and model tests, it was finally decided 
that a concrete arch gravity dam would be built and an arrangement of the 
power plant on the riverbed behind the dam would be used for the main project. 
The design of the dam relied mainly on gravity and suitably transmitting the 
force to the shoulders on the two banks of the dam. The body of the dam up 
to two-thirds the height of the dam was grouted in a criss-cross fashion, and 
ts right shoulder was fortified by deepening excavation, setting up concrete 
force-transmission piles, and strengthening the weak geological surfaces. 
These measures improved the anti-slipping stability at the deep layers of the 
riverbed of the dam section and the stress of the foundation of the dam, and 
overcame the unfavorable influence of the shale downstream. They also appro- 
priately distributed the forces on the dam shoulders on both banks and thus 
increased the degree of safety of the whole body of the dam. In suiting the 
characteristics of the narrow river channel and the deep water cushion in 
the lower reaches, tunnels and .vurface spillways on the dam were used 4s 
flood discharge structures to separate the flow to dissipate energy. Each 
flood discharge mouth was staggered so that the point of fall of the tongue 
of water was dispersed longitudinally along the river channel. This favored 
reducing the depth of the scouring pool and kept it far away from the shale 
that was easily scoured. The flow during flood discharge over the dam passes 
over the power plant behind the dam and the power plant remains under the 


tongue of water. 


The dam site, the type of dam and the arrangement of the main project of 
Wujifangdu suited the hydrological, topographic and geological situatior, mea- 
sures were suited to local circumstances, advantages were developed to avoid 
shortcomings, and the problems of leakage prevention in the karst geostrata, 
the stability of the foundation of the tall dam and the dissipation of energy 
from flood discharge ur large single width flow and high waterhead were ap- 
propriately handled. Initial operation showed good results. But no arrange- 
ment of the main project is perfect without shortcomings. Although the ar- 
rangement of the main structures of Wujiangdu was compact and its advantages 
were developed, a lot of difficulties were brought about in the construction 








of diversions, in safely passing the flood season, and in the deployment of 
construction on the site. 


III. Surveying, Testing, Designing and Construction Personnel Cooperated 
Closely; They Broadly Developed Scientific and Experimental Research, Serv- 
ing Both Construction and Safe Operation 


To solve the various technical problems in construction, a lot of scientific 
experimental research work was done by cooperative efforts among surveying, 
testing, designing and construction personnel. 


Leakage prevention of karst geostrata is the key problem in constructicn of 
the project. At the beginning of construction, many people doubted the use 
of cement grouting curtains as the main means to prevent leakage. They advo- 
cated using concrete covering or entirely using concrete walls to prevent 
leakage. Each had his own opinion and there were no compromises. To prove 
the feasibility and reliability of grouting curtains to prevent leakage, 
high-pressure grouting tests in holes with a total depth of nearly 1,000 
meters were conducted at representative sections in 1970 and 1975. The maxi- 
mum grouting pressure was 40 to 80 kilograms/square centimeter. And many 
ways were used to strictly and repeatedly inspect the quality of the curtains 
in the test areas. They showed that using high-pressure cement grouting to 
build leakage prevention curtains was feasible. The technological processes 
in construction were renovated according to pre-determined design parameters. 
In recent years, cooperative efforts were carried out with the Hydroelectric 
Power Sciences Academy in studying the theory of the mechanism of grouting 

in mud-filled karst geostrata, and preliminary achievements were realized. 


A lot of experimental research work was also done with hydraulic engineering 
models and structural models, and it provided a basis for arranging the main 
project, finalizing the type of dam, treating the weak geological surface of 
the dam shoulders and arranging the flood discharge structures and their 
shapes. After careful experiments, we successfully solved the problem of 
protection against and the prevention of scouring of the soft shale down- 
stream during the latter diversion stage. During the latter period of con- 
struction, we also made special hydraulic engineering models and conducted 
tests according to the progress in construction each year, and this effort 
served to guide the safe passing of the flooding period. 


In construction, we conducted systematic tests of the concrete, and we grad- 
ually renovated and improved the artificial sand ind rock material system, 
the cement system, high pressure grouting, centralized grouting and mixing 
and the grouting transport system, the technological process of pouring con- 
crete, quality control, various types of mold plates, the joining seams of 
the grouting system, the treatment of the surfaces of seams in concrete con- 
struction and made them perfect in construction practice on the basis of 
tests. Visible technical and economic results were realized. 


In the construction of the power station, surveying, testing, designing and 
construction personnel surrounded the various technical subjects in design 
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and construction to work closely, divided the work and cooperated, and over- 
came difficulties together. In work, they supported each other and trusted 
each other. The achievements of the major projects of building leakage 
prevention curtains, treating the right shoulder of the dam and the unstable 
body of rock at Xiaohuangya and Laohuzui, and preventing scouring of the 
downstream shale were all due to cooperation in overcoming difficulties, and 
almost all important design plans and the renovation of construction methods 
involved the sweat of common labor and collective wisdom. The engineering 
technology of hydroelectric power involves problems in many aspects. It re- 
quires various types of specialized personnel to cooperate and coordinate 
with each other and to use advantages to make up for shortcomings. There 
must be division of labor but not separation and opposition. Whether the 
various specialized sectors cooperate well determines the overall standard 
of the construction project. 


IV. Diversion for Construction Is Closely Related to the Speed of Construc- 
tion and Safety. Care Must Be Taken in Diversion for Building Tall Dams in 
Narrow Gorges. Especially in Diversion During the Latter Period, We Must 
Look at the Present and Consider the Future and Make Overall Arrangements 


Wujiangdu Project has provided a successful experience in diversion for con- 
struction and it also has had profound lessons. Since the riverbed at Wu- 
jiangdu is narrow and the amount of flow of floodwater is large, diversion 

by tunnels, intercepting the flow and allowing water to flow over the base 
pit during the flooding period were practical measures. The upstream con- 
crete arch weir nearly 40 meters tall was successfully built in moving water. 
This was an irregular practice attempted for the first time in China. During 
the latter period of diversion, the concrete protective wall 30 meters under- 
water on the edge of the scouring pool of the tailwater canal effectively 
protected the soft shale on the two banks. The section of the riverbed of 
the tailwater section has not been scoured and silted as yet. These are all 
successful experiences. 


But the beginning period of construction was affected by "leftist" ideology, 
the understanding of the complexity and difficulty of the entire project was 
not sufficient, and an impractical construction schedule was proposed. At 
the same time, the amount of construction for diversion was cut, the standard 
for diversion was lowered again and again, and thus the effective construc- 
tion period during the dry season was shortened, causing a passive situation 
of construction for half a year and resting for the other half. Also, mis- 
takes in the arrangement of construction and the serious influence of 10 
years of upheaval prolonged the work of pouring concrete of the dam to the 
low water surface up to five dry seasons to complete after building the weir 
to intercept the flow. This caused the construction project to remain stag- 
nant for a long period. Also, to hasten the speed of construction at the 
time, we inappropriately lowered the standards of the structure, prevented 
the diversion tunnel from being used for diversion during the latter period, 
and the diversion tunnel could not satisfy the safety requirements for inter- 
cepting the flow and storing water. Therefore, we had to add a bottom hole 
for diversion inside the dam and this was costly in construction and its 
period of usefulness was very short. 
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To solve the problem of diversion during the latter period, we combined the 
requirements with the emptying of the reservoir and added an emptying tunnel 
that could be used for diversion. This served importantly in guaranteeing 
that the power station could be built smoothly. But in the later diversion 
plans and during implementation, emphasis was unilaterally placed on study- 
ing and solving the problem of dissipating energy and preventing scouring 
downstream, while we lacked an understanding of how the high velocity water- 
flow could safely pass over the incomplete dam surface and of the possible 
dangers that might occur. We emphasized storing water and generating elec- 
tricity early while the flood discharge structures could not meet the re- 
quirements of the original plan, causing difficulty in the safe passing of 
flooding at the beginning period of storing water and generating electricity, 
thus during the period of discharging floodwater of the flooding period in 
1980, waterflow was disorderly, water entered the cable well and flooded the 
power plant. 


The construction practices of the Wujiangdu project showed that in building 
a tall dam in a gorge, we must conscientiously solve the problem of diver- 
sion for construction, especially diversion during the latter period. The 
amount of diverted flow and the standards of the diversion structures should 
be viewed on the basis of the entire course of construction of the project, 
we should measure the advantages and disadvantages, look at the future and 

at the past, and make overall arrangements. We must never allow one mistake 
to affect the whole situation. Especially after storing water and generating 
electricity before the project has been completed, we should carefully con- 
sider facilities for the safe passing of floods. Tall dams in gorges fre- 
quently require the use of temporary structures for flood discharge, there- 
fore, we should treat them like permanent flood discharge structures, consci- 
entiously conduct hydraulic engineering model tests, and use them in the de- 
sign and guarantee their realization during construction. Only in this way 
can we gain the initiative in the construction project, guarantee construc- 
tion safety, realize the general goal of shortening the construction period 
and faster results. 


V. According to the Characteristics of the Project, We Rationally Planned 
the Overall Arrangement of Construction, Launched In-Depth and Permanent 
Technical Renovations, Realized Comprehensive Mechanization of the Major Con- 
struction Projects. These Are Important Ways To Improve Labor Productivity 
and Reduce Construction Cost 


During the early period of construction of the Wu‘ iangdu project, we more 
conscientiously carried out overall planning for construction. We suited 
measures to local circumstances according to the construction requirements 
of different construction projects, fully utilized the original traffic 
facilities and topographical conditions, and paid attention to reducing the 
construction cost of temporary projects and operating costs as much as pos- 
sible, used sand and rock material and concrete systems as the backbone sup- 
plemented by wind energy, water, electricity and traffic facilities, and 
formed a unified construction system that combined the large and the medium 
while relying mainly on the large. Practice proved that a rational overall 
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arrangement for construction served importantly to fully develop the produc- 
tive capability of the whole system and to organize continuous and even pro- 
duction. 


The Wujiangdu project preliminarily realized comprehensive mechanization in 
all major construction procedures, from the production of artificial sand 
and rock materials, storage and transport of cement and the mixing and stor- 
age of concrete, the mixing of cement mortar, transport and grouting in 
drilled holes, and manufacturing metallic parts, to the installation of 
equipment. 


The system of artificial sand and rock materials gathered materials locally, 
fully utilized the topography. The system was arranged from high to low, 

and full year continuous and even production was realized from quarrying to 
aggregate crushing, washing mud, screening, sand making to mixing and tower 
feeding of material. The annual productive capability could reach 2 million 
tons, the quality was good, the cost of materials and of the material storage 
yard were similar or lower than that of natural sand and rock materials near 
the construction site. 


In the concrete system, we opened packaged cement mechanically, transported 
loose cement by air pumps and used mechanical horizontal mixers for mixing. 
The 20-ton cable crane operated one-third of the time to prepare for con- 
struction procedures and could still produce a monthly output of 24,800 cubic 
meters and a daily output of 1,900 cubic meters. 


To complete the construction of the heavy curtains, induration and grouting 
the joining seams, we established a centralized mortar and pipeline transport 
system for mortar. The system included a cement storage and weighing facil- 
ity. We renovated the equipment and technological process of drilling and 
grouting. In the peak construction year, each meter consumed about 290 jin 
of cement, and each drilling and grouting machine averaged an annual footage 
of 273 meters and the highest monthly average reached 353 meters. The totai 
footage of annual drilling and grouting reached 81,000 meters. The central- 
ized mixing and transport of cement mortar not only solved the problem of 
grouting of karst caverns and holes that require continuous supply of a mas- 
sive amount of mortar, it also improved working conditions, conserved a lot 
of labor force, and created conditions for the simultaneous or continuous 
grouting of many joining seams, guaranteed construction quality and simpli- 
fied the technological processes in construction. 


Comprehensive mechanization of the Wujiangdu project was gradually realized 
by technical renovations. The key problems in renovation are the problems 
that urgently need to be solved in the weak links in each system and in pro- 
duction. The shallow hole drill head used in the artificial sand and rock 
material system, the mud washing machine, the cement package opener of the 
concrete system, the jet pump, the meter tractor pulling the 6-cubic-meter 
drums, and high-pressure valves, high-pressure grouting pumps, the central- 
ized production of mortar and the transport of mortar in the grouting system 
and such important renovations have served importantly to improve output, 
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guarantee quality, conserve manpower and materials, reduce energy consumption, 
and improve working conditions. Also, for example, the use of large steel 

and wooden mold plates and various types of prefabricated concrete mold plates 
not only visibly improved the degree of mechanization of the procedures to 
prepare for construction and production efficiency, and conserved manpower and 
materials, it also provided conditions to realize mechanized concrete pouring 
and horizontal mixing. In addition, the renovation of the system of grouting 
concrete in the joining seams, the stator clamp line technology in installing 
generators and the rotor selected pressure technology all served well to im 
prove quality, reduce labor intensity, and conserve materials. 


The cost of the Wujiangdu project up to the end of 1981, when compared to the 
estimate, realized a cumulative total savings of 80,110,000 yuan, and of this, 
39,700,000 yuan served as profits that were submitted and as funds retained 
according to percentage. They did not constitute savings in investment. The 
actual investment in the entire project was less than the estimate by more 
than 17,000,000 yuan. If the money for evacuating residents in the reservoir 
area had not surpassed the estimate, more of the investment could have been 
saved. The cost of major construction and the labor productivity are listed 
in the accompanying table for reference. 


Major Cost and Labor Productivity of Wujiangdu Project 














Estimated Average over 

Item unit price 1979 1978-1980 the years 
Financial cost 
Artificial sand 
(yuan/cubic meter) 23.06 10.36 10.84 13.29 
Crushed rock 
(yuan/cubic meter) 10.97 4.47 4.88 6.58 
Concrete of dam 
(yuan/cubic meter) 59.69 33.17 36.94 43.19 
Grouting of curtain 
(yuan/meter) 192.72 54.72 67.73 74.61 
Annual labor 
productivity 
(yuan/ person) 
Full work force = 6,264 5,581 4,028 
Production worker - 10,652 9,761 7,117 





—— - — 


Notes: 1. The estimated unit price of concrete does not include the price 
for the floodgate buttress, overflow surface and various holes 
and tunnel structures while that for the above is included in the 
financial cost. 

2. The actual consumption of cement per meter of curtain grouting 
was about 290 kilograms. 


The Wujiangdu project could save more and had a higher labor productivity be- 
cause business management was strengthened, and an important reason was that 
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the overall arrangement and planning for construction was more conscien- 
tiously carried out, and comprehensive mechanization was gradually realized 
through technical renovation. While guaranteeing construction quality, 

the efficiency of the personnel and equipment were better developed, and 
materials were better utilized. In actual work, we also paid attention not 
to engage in formalism. Everything started out from actual production, we 
insisted on the principles of relying on the masses and self-reliance, paid 
attention to developing the function of specialized personnel, and insisted 
on repeated tests and studies in important renovation projects. In produc- 
tion, we realized results and then we included them in the technological 
flow process in production, therefore we could develop technical and eco- 
nomic results for a long period and we did not have to abandon projects half 
way. 


VI. The Quality Problem Is the Fundamental Problem in Construction; From 
Design to Construction, We Must Insist on the Guiding Ideology of Quality 
First; We Must Not Sway From This at Any Time 


The beginning period of construction of the Wujiangdu project was influenced 
by "leftist" ideology. We were anxious to realize achievements, we violated 
scientific construction procedures, we poured 3,000 cubic meters of concrete 
for the dam in the spring of 1972 under the wrong conditions and in 1973, 
during the overall quality inspection, the work was determined to be sub- 
standard. We finally had to blast it away and re-excavate the foundation. 
The blasting away of 3,000 cubic meters of concrete was a profound lesson for 
designing and construction personnel. It unified the understanding about the 
quality problem. Besides conscientiously carrying out surveying and tests 
and designing construction well, construction emphasized grasping the funda- 
mental work of construction quality. We insisted on testing and researching 
every important measure from sand and rock and such construction materials 

to the excavation of the foundation, *he pouring of concrete, the selection 
of the type of mold plates, and curt:..n grouping. We established corres- 
ponding construction rules and quality requirements so that the quality of 
construction was established on a strict scientific foundation. at the same 
time, we gradually established a system of quality control, inspection and 
management. We insisted on strict requirements in treating the foundation, 
in the procedures for preparing construction before pouring concrete and 
grouting of the curtains and the joining seams. Preparations for concrete 
construction were not allowed to start before the foundation was jointly 
inspected and approved by geological, design and inspection personnel. Pour- 
ing of concrete was not allowed without obtaining a certificate of approval 
for each procedure to prepare for construction. Before grouting the joining 
seams, the interior temperature of the concrete must cool to below a stable 
temperature. Inspection standards for the unit leakage rate of the main 
curtain of the dam was raised from 0.01 to 0.005 liter/minute-square centi- 
meter. 


Because we insisted on the guiding ideology of quality first in design and 
in construction, the preliminary challenges of annual inspection, storing 
water and generating electricity for more than 3 years have shown that the 
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construction quality is good. The treatment of the foundation was careful 
and detailed and geological shortcomings were appropriately treated or rein- 
forced. A total of 190,000 meters of high-pressure curtain grouting was 
completed. The unit leakage rate measured during inspection using pres- 
surized water was generally less than 0.005 liter/minute-square meter and 
the maximum value in the riverbed was 0.002 liter/minute-square meter. 
Leakage of the foundation was very slight. The seepage of water per day 

and night from the foundation of the dam and power plant is less than 10 
Square meters. The lifting pressure of the dam foundation is far smaller 
than the design vaiue. The operation of each flood discharge structure is 
normal. The guaranteed strength of the 2,520,000 cubic meters of concrete 
already poured reached or surpassed design requirements. The control of 

the temperature of concrete was good and only a few cracks on the surface 

or in shallow layers appeared. Grouting of the joining seams satisfied 
design requirements. The filling of cement and rock in the seams is good. 
All of the welded seams of metallic structures were inspected for damage and 
they all passed inspection. Once, the percentage passing inspection reached 
94.4 percent. The quality of installation of the generator equipment was 
good. 


Under the correct leadership of the nigher authorities and with the hard- 
working efforts over a long period by all construction personnel, the con- 
struction of the Wujiangdu project was successful. The engineering quality 
was good, the unit kilowatt investment and the construction cost were low, 
and progress and innovations in engineering technology were realized, and 
experience of building tall dams in karst regions was acquired. But because 
of the influence of the "leftist" ideology, we also traveled some winding 
roads. We mainly violated the capital construction procedures during the 
initial period of construction, we were anxious to succeed, and arrangement 
of construction was inappropriate. With the addition of 10 years of upheaval 
and their serious influence, progress in construction during the first 7 
years was slow, the investment made did not complete one-third of the entire 
construction project, thus the total construction time was prolonged, the 
state's investment could not quickly develop its function, and some major 
problems in surveying and design were solved gradually only during the middle 
period of construction. In addition, many shortcomings and problems still 
exist in the arrangement of construction, mechanization, quality and the 
style of work of technological procedures. The technical standard of the 
design and the construction and the management standard all have to be con- 
scientiously summarized and improved. In conservation, there is still a 
great potential that can be developed. At present, the project has not been 
tested for a long period. We must continue to be cautious and complete the 
entire project well. Some experiences acquired during the course of con- 
struction are only practices of the Wujiangdu project and they are definitely 
limited. The intention is to offer a few remarks by way of introduction so 
that others may come up with valuable opinions, draw on collective wisdom 

and absorb all useful ideas so that we may exert efforts to develop China's 
hydroelectric power construction together. 


9296 
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THERMAL POWER 


WORK ON 600,000-KILOWATT XIAOLONGTAN POWER PLANT PROCEEDING SMOOTHLY 
Kunming YUNNAN RIBAO in Chinese 16 May 83 p l 


/Article: "Kaiyuan City Guarantees the Construction of Key Energy Projects for 
the Benefit of Al1"/ 


/Excerpts/ With an installed capacity of 600,000 kilowatts, the Xiaolongtan 
Thermal Power Plant, a key energy construction project, is the largest thermal 
power plant to be built in the province. It is also the first pit-mouth power 
plant to be built in Yunnan. The construction of this power plant plays a major 
role in easing the tense energy supply situations in central Yunnan. The 
construction of the power plant required that the village of Lunuo of the 
Xiaolongstan Commune be moved and took some 2000 mou of land from 13 production 
brigades. 


The Xiaolongtan Power Plant is being built on the slope of a mountain on the 
boundary between Kaiyuan and Mile, at some distance from the city. After work 
on the power plant got underway in the early part of the year, large numbers of 
construction workers from the provincial thermal power construction company, 
the provincial construction engineering company, and the provincial railway 
construction company descended on the site. Work and living conditions were 
terrible. The city government ordered all involved organs to the construction 
site to see the conditions and to help the construction units solve practical 
problems. /For example/ the city's meteorological station supplied detailed 
hydrologic and weather data to the power plant design unit and provided help 
in determining atmospheric conditions. Telecommunications and material supply 
organs also threw their weight behind the key construction zone. 


Today, work on the main portion of the power plant is progressing smoothly; 


75 percent of the 4 million cubic meters of earth and rock have been removed and 
quarters for personnel are springing up one after the other. 


CSO: 4013/254 
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THERMAL POWER 


SHANDONG TO ADD 225,000 KILOWATTS IN INSTALLED CAPACITY IN 1983 
Jinan DAZHONG RIBAO in Chinese 20 May 83 p l 
[Text] Work on five Shandong large- and medium-scale thermal power plants--the 


Zaozhuang Shiliquan and Huangtai power plants, which are being expanded, and the 
Lunan, Longkou, and Shiheng power plants, which are new--is being accelerated. 





These five large- and medium-scale power plants are key projects for Shandong's 
electric power construction and all are major construction items for the prov- 
ince. After the projects have been completed and gone into production, some 
1.725 million kilowatts in installed capacity will have been added. The No. 5 
generator of the Shiliquan power plant and the No. 1 generator of the Huangtai 
power plant can be completed and in production this year, adding 225,000 kilo- 
watts of newly installed capacity. The rough work and equipment foundation 
work for the No. 5 generator of the Shiliquan power plant are for the most part 
completed and equipment installation is about to get under way so that it can 
join the grid by October 1983. The main building for the No. 1 generator of 

the Huangtai power plant is practically finished and the crucial work of instal- 
ling the main machinery could be finished by the end of October. An all-out 
effort is being made to install an additional 100,000-kilowatt generator within 
the year. The main production system of the 200,000-kilowatt-installed-capacity 
Longkou power plant is under construction, with 5.82 million yuan having been 
invested from January to April 1983. The entire project will be completed in 
1984. For the new Lunan and Shiheng power plants, each with an installed capaci- 
ty of 600,000 kilowatts, preparatory work and construction of public works 
projects and living facilities are under way, laying the groundwork for the 
onset of overall construction. These two big power plants are slated for com- 
pletion in 1986 and 1988. 


CSO: 4013/250 





THERMAL POWER 


WORK INTENSIFIED ON DATONG NO 2 POWER PLANT 
Taiyuan SHANXI RIBAO in Chinese, 14 Apr 83 p 1 


[Article by Zhang Wuyuan [1728 0063 0337]: "Provincial Power Construction 
Bureau Concentrates Strength To Guarantee Key Construction Projects; Progress 
in Construction of Datong Power Plart No 2 Is Fast and Quality Is Good"] 


[Text] One of the nation's key construction projects, Datong Power Plant No 
2, is being intensively constructed. This large-scale construction project 
is another large pit-mouth power plant being built in our province. After 
all of the six 200,000-kilowatt generators ere finished, they will provide 
electricity to the province and will mainly transmit electric power to the 
Beijing, Tianjin, and Tangshan area. The 5,000 construction workers at the 
site are grasping the favorable opportunity at present to seize every minute 
and second and are working carefully to guarantee that the project will be 
good in every aspect and the generators will be completed ahead of schedule. 


Ground-breaking ceremonies for Datong Power Plant No 2, constructed by the 
First Provincial Power Construction Company, were held in October 1978. Dur- 
ing construction, the First Power Construction Company simultaneousiy con- 
structed the foundations for the six generatros, abandoning the old way of 
building them in succession and speeding up the pace of construction. The 
foundations of the six generators, the 210-meter-high smokestack, the 85- 
meter-high hyperbolic cooling tower, the 330-meter-long coal unloading pit, 
and other main projects have been basically completed. The main body of the 
No 1 boiler has been assembled and installed. The No 1 steam turbine generator 
is being installed. One-third of its accessory machinery and equipment has 
been completed. The Provinciai Power Construction and Engineering Bureau 
Party Committee decided at the beginning of this year to transfer some of the 
installation people of the Second and Third Provincial Power Construction 
Companies and concentrated the most skilled workers to support the construc- 
tion of Datong Power Plant No 2. 


"Projects which are to last for generations call for good quality above all 
else." Construction quality was regarded as the "life of the enterprise” in 
the construction of this project by the First Provincial Power Construction 
Company. Construction was never careless, and everything was strictly checked. 
Work that was not up to standard was dismantled and redone. If holes and im 
purities were found in the joints of the BC frames, they were immediately cut 
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apart and rewelded so that the quality met the requirements. Since work began, 
they realized 11 superior quality projects. Construction of the 210-meter- 
high smokestack involved the use of new technology and new techniques such as 
well-less props, hydraulic double sliding and raising, laser scans, and, thin- 
film protection. These eliminated the general shortcomings of similar types 
of domestic construction projects with large deviations and drifts of the 
centers, and poor surface shine of the surface. The quality evaluation of 

ten items showed a standard higher than the standards of acceptance by the 
state. They were evaluated by the National Quality Conference as superior 
quality projects, winning praise and awards from the state. In 1982, this 
company inspected and accepted 990 minor civil engineering projects and 1/78 
minor installation projects. The percentage of superior quality projects 
reached 78.4 percent and 93.3 percent respectively, higher than the national 
requirements by 18.4 percent and 8.3 percent. 


During construction, the First Provincial Power Construction Company fully de- 
veloped the role of intellectuals and concentrated on technical progress. It 
evaluated, promoted and added various specialized technical job titles of 162 
specialized technicians. Among them, 32 were promoted to leadership posts. 
This company realized technical improvement and popularized a total of 129 

new techniques and new technological processes, saving a lot of money for the 
state. 


To hasten construction and improve construction quality, the First Provincial 
Power Construction Company established and made sound an internal economic 
responsibility system during construction, and basically established standards 
for work, references for evaluation, and a method of award and punishment. 

The entire construction site is prosperous and things change quickly. The 

200 ,000-kilowatt No 1 generator can begin production next year. The No 2 and 
No 3 generators will be completed in 1985 and will begin generating electricity 
then. 
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COAL 


THREE NEW COAL DRESSING PLANTS BEING PUSHED TO COMPLETION 
Beijing RENMIN RIBAO in Chinese 7 May 83 p 2 


[Text] Today, Liang Huai* is accelerating construction of the Zhuxianzhuang 
coal dressing plant which is capable of dressing 1.2 million tons of raw coal 

a year. The main dressing shop of the principal part of the project and the 
coal conveying system have been completed. The Panji No. 1 coal dressing plant, 
capable of dressing 3 million tons of raw coal a year, the raw coal preparation 
shop, the coal bunkers, and the loading facilities are for the most part finish- 
ed. Preparations are now under way to push forward the groundbreaking date for 
the Linhuan mining district's coal dressing plant, designed to dress 3 million 
tons of raw coal a year. After these three coal dressing plants become opera- 
tional, and join the already completed Luling, Qinglongshan, Xieqiao No. 1, and 
Zhangdazhuang dressing plants, Liang Huai's capacity will approach 15 million 
tons of raw coal [a year]. The region will then be the largest in East China 

in terms of dressed coal production. 


The construction by Liang Huai of coal dressing plants in the vicinity of the 
coal mines is a major step being taken by the state as part of a coal supply 
reorganization policy. The process of dressing the coal not only removes stone 
and ash, it prepares different coal products according to consumer needs. In 
this manner, strained railroad transportation may be eased and environmental 
pollution reduced; thermal efficiency may be increased and energy conserved, 
all of which promote a higher value for industrial products as well as the com- 
prehensive utilization of coal. 








* Abbreviated form of Huainan and Huaibei. 


CSO: 4013/244 
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COAL 


GUIZHOU GOVERNOR OUTLINES PLANS TO STEP UP PRODUCTION 
HK150031 Beijing CHINA DAILY in English 14 Jun 83 p l 


[Dispatch by Staff Reporter Zhu Ling: "Major Drive in South To Combat Coal 
Shortage” ] 


[Text] A major drive is to be launched to boost coal production in the south 
of China where many areas are suffering from shortages. 


At present most of China's coal is produced in the north and often has to be 
transported distances of over 1,500 kilometres to reach consumers in the south. 


The main focus of the new drive will be Guizhou Province, where coal production 
will be stepped up and transport ‘acilities improved, Wang Chaowen, the pro- 
vince’s new governor told CHINA DAILY. 


Guizhou, the largest coal producer in southwest China has a current annual pro- 
duction of 14 million tons. 


Wang said: “Our aim is to turn the province into a coal center with an annual 
capacity of 50 million tons by the end of the century. 


“By then, we should be able to supply 10-15 million tons of coal to our neigh- 
boring provinces and regions as well as foreign countries.” 


Guizhou has 46.2 billion tons of known coal reserves, 7 percent of the nation's 
total. 


The province supplies coal mainly to Guangdong, Hubei, and Sichuan provinces 
and the Guangxi Zhuang Autonomous Region by rail. But the railway facilities 
are far from adequate. Poor transport has affected coal production, Wang said. 


The province is planning a new railway from its Liupanshui coal base in the west 
to the city of Nanning in Guangxi--about 590 kilometres. Surveying of the route 
has been completed, Wang said. 


Liupanshui--one of 10 coal bases in China--can produce 10 million tons of coal 
a year. 

















When the new rail line is completed, coal from Liupanshui will be shipped 
directly to Guangdong and Guangxi as well as to the port of Zhanjiang in 
Guangdong for export, Wang said. 


Cooperation 


The province is now exploring possibilities with some European companies for 
cooperation in coal exploration and the transport of coal. 


“We plan to use the Hongshui He, which is formed by the Beipan and Nanpan 
rivers, for carrying coal to Guangdong and Guangxi,” the governor said. 


The Hongshui He, 1,270 kilometres long, begins in the province and ultimately 
flows into the Pearl River. 


Sponsored by the Ministry of Communications, a planning group has been estab- 
lished with members from Guizhou, Yunnan, Guangdong, and Quangxi to do a 
feasabilizty study on the exploration of the river. 


“We will also gencrate electricity from inferior coal and transmit it to 
Guangdong and Guangxi,” Wang said. 


everything works out, Lupanshui’s annual capacity will be increased from 
the present 10 million tons to 24.25 million by 1990," Wang asserted. 


Starting in 1990, the province will establish two or three new mines with a 
total annual capacity of 10-15 million tons. “We will try to complete them 
befor« the end of the century,” he said. 


In addition, production of small county-run coal mines will be raised to about 
15 million tons before the century is over, the governor said. 


SO: 4010/77 





COAL 


YEAR-LONG FEASIBILITY STUDY ON ANTAIBAO PROJECT NOW COMPLETED 
HKO50254 Beijing CHINA DAILY in English 5 Jun 83 p 2 


[Article by staff reporter Xu Yuanchao] 


[Text] A year-long feasibility study of China's Antaibao open-cast mine has 
been completed and a detailed report will soon be submitted to the project's 
top decision-making body for approval, according to a senior official of the 
China National Coal Development Corporation (CNCDC). 


The Antaibao project, part of the vast Pingshuo coal field in Shanxi Province, 
is believed to be the largest joint equity venture between China and a for- 
eign firm. 


The official, who declined to be identified, said the feasibility study report 
contains 12 chapters and more than 100 charts, which were verified by ex- 
perts of CNCDC and the Occidental Petroleum Company of the United States last 
month. 


He told CHINA DAILY in an exclusive interview that the development of the 
Antaibao coal mine will cost $600 million, of which Occidental will supply 
58 percent and CNCDC 42 percent. 


Coal produced by the joint ven ure will be split equally. After the capital 
outlay is recouped, CNCDC will get 60 percent of the coal. 


The project, with an annual production capacity of 15 million tons, will 
start early next year and be completed by 1986. Of the total production, 
8.7 million tons will be exported and 3 million tons will be supplied to the 
1.35 million-kilowatt Shentou thermal power station, he said. 


The official noted that his company's next step will be "to sign a contract 
for the design of the mine's coal-washing plant with the McNally Pittsburgh 
Manufacturing Corporation of the U.S." 


A buying commission will be formed by the joint venture to import mining equip- 
ment required by the project. Occidental will buy $250 million worth of 
equipment for the project. Negotiations for some of the equipment have started, 
he said. 








Pingshuo, one of China's five open-cast mining areas, has proven reserves of 
12.7 billions tons, its designed capacity is 50 million tons. Two or three 
other open-pit mines are planned for the area. 


The project's joint control committee has six members, three from each side. 
The chairman is Yin Gilong, CNCDC deputy general manager, while the leading 
member of the three Americans is Stonier Barker Jr, president of the Island 
Creek Coal Company, a subsidiary of Occidental. 


The project was delayed for almost a year because of Occidental's financial 
problems and China's slowness in double-tracking the railway from Datong City 
to Qinhuangdao Port. 


The government has urged railway authorities to finish the electrified double 
tracks by 1986 after the authorities had complained that the project could not 
be finished by 1985 as scheduled, according to the official. The official 
said Occidental's chairman, Armand Hammer, has years of experience of coopera- 
tion with communist countires and a good understanding of China's socialist 
system. That is why China preferred him as its partner. 


CSO: 4010/74 
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COAL 


WAYS TO REVITALIZE SICHUAN'S ‘'STAGNANT' COAL INDUSTRY SUGGESTED 
Beijing NENG YUAN [JOURNAL OF ENERGY] in Chinese No 1, 25 Feb 83 pp 8, 12 


[Article by Tang Zejiang [0781 3419 3068]: "On Developing Sichuan's Coal 
Industry"] 


[Text] I. General Situation of Sichuan's Coal Industry 


Since the founding of the nation, coal production in Sichuan has developed 
tremendously. Now, 60 pairs of key coal shafts belonging to the province, 
253 coal mines belonging to special administrative regions and counties, and 
3,516 commune and brigade coal pits have been built with an annual production 
capacity of 43 million tons. In 1981, Sichuan produced 39.36 million tons of 
raw coal, an increase of nearly 8 times over 1957, and 20 times over that of 
the beginning period of liberation. Today, the annual output ranks seventh 
in the nation. The province has more than 300,000 coal workers, the techni- 
cal strength is stronger, and the foundation of the coal industry is better. 


Sichuan has fairly abundant coal resources. Up to the end of 1979, known re- 
serves amounted to 7.15 billion tons, and guaranteed reserves amounted to 6.83 
billion tons. In addition to the 3.6 billion tons that have been exploited 
and utilized, coal can still be mined for 90 to 100 years based on the current 
production level. Of the 211 counties and cities throughout the province, 
more than 120 have reserves of coal resources. The existing key coal mines 
are all near railroads, and transportation conditions are good. The longest 
distance from the railroads is less than 300 kilometers. The coal mines of 
Dukou, Tianfu, Zhongliangshan, Nantong, and Songzao are all near cities and 
the coal can be locally consumed. Of the known reserves, there are steam coal 
and raw material coal which basically can satisfy the needs of economic build- 
up and people's lives in Sichuan. 


At present, coal occupies an important position in Sichuan's energy structure. 
In 1980, it constituted 71.2 percent. According to preliminary forecasts, by 
the end of this century, even if the percentage of hydroelectric power in- 
creases by a large scale, the percentage of coal will not be lower than 60 
percent. But in recent years, the rate of development of the coal industry in 
Sichuan Province and the rate of development of the national economy have not 
been coordinated. From 1976 to 1978, the total value of industrial production 
of the whole province grew 14.1 percent while during the same period, coal pro- 
duction grew only 7.1 percent. The supply of coal cannot meet the demand, and 





38 








the annual average shortfall is 2 million tons of raw coal. It is expected 
that by 1985, the shortage will be 5 million tons. If this situation is not 
changed, it will surely affect the development of Sichuan's economy. 


II. Problems in Sichuan's Coal Industry 


The stagnation of the coal industry in Sichuan Province in recent years is due 
to the following reasons. 


(I) Funds for ccal were insufficient during the Third 5-Year and the Fourth 
5-Year Plans, average annual state investment reached 150 million yuan with the 
highest annual amount reaching 350 million yuan. At the time, the coal indus- 
try developed rapidly. The total scale of buildup reached 200 pairs of coal 
shafts. The annual designed productive capability was 25.97 million tons. In 
1980, investment in the coal industry dropped to 50 million yuan, only one- 
third of the original annual average investment. 


(II) The selling price of coal was low, the loss of the enterprij ies was large. 
In recent years, the cost of coal rose because of the large price hike for 
steel, pit props and other such materials. In 1980, the price hike of these 
two materials alone raised the cost by 1.44 yuan/ton. In view of the current 
situation, the cost is still rising. 


The selling price of coal was low and the loss of enterprises was serious. In 
1980, 38.98 million tons of raw coal were produced and the loss was 103.56 
million yuan. This is very unfavorable to the development of the coal indus- 
try. 


(III) The current management system is complex. According to the current 
management system, the provincial coal bureau can only manage the distribu- 
tion of products of key coal mines. Coal mines of the prefectures and coun- 
ties and coal pits of communes and brigades lack uniform management. Because 
of the lack of transfer and distribution plans, supply cannot meet demand at 
some localities while in some regions sales were slow and production was even 
reduced. In 1981, the production of more than 500,000 tons of coal was sup- 
pressed because of slow sales. Because the selling price of coal was low, 
the loss per ton of coal was large (see Table 1). 


Table 1. Loss in Coal Production of Some Coal Mines 








Production Factory Loss per ton 
Producing cost price of coal 
region Type of coal (yuan/ton) (yuan/ton) (yuan) 
Guangdong bituminous 20.47 19,10 1.37 
Dukou bituminous 22.25 21.00 1.25 
Furong anthracite 25.17 18.80 6.37 
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(IV) Equipment of the coal mines is old and outdated. Of the province's key 
coal mines, over one-third of the mines have old and outdated equipment, the 
efficiency is low and the labor intensity is high. 


The strength in prospecting is insufficient, business management is poor, 
wastefulness is serious, and such situations also affect the development of 
Sichuan's coal industry. 


III. Measures To Develop Sichuan's Coal Industry 


There are many views on the question of how to solve the shortage of coal in 
Sichuan. There are generally two ways: One is to establish efforts within 

the province to develop the province's coal industry. The other is to trans- 
fer and import coal from neighboring provinces. But there are many problems 
that have to be considered in transferring coal into Sichuan from neighboring 
provinces and regions. First there is the problem of transportation. At pre- 
sent, the Baocheng and Sichuan-Guizhou railroads have approached saturation in 
transport capability. If we overly increase the amount of coal shipment, this 
will surely affect the transport of other materials. Second, there is the prob- 
lem of the source of coal. Shanxi and Henan Provinces, which produce more coal, 
are too far from Sichuan. The amount of coal remaining after deducting the 
amounts for self-use and interior transfer in Shaanxi, Gansu and Ningxia Pro- 
vinces is not much. Guizhou's coal is mainly sold to Guangdong, Guangxi, Hunan, 
and Yunnan. The third is the economic result. Coal transferred from other 
places costs 10 yuan per ton more than that of local raw coal (see Table 2). 

The solution to the problem of coal in Sichuan Province should be based within 
the province, and the coal industry in Sichuan should be quickly developed. 

For this, the following suggestions are presented. 


Table 2. Cost of Shipment of Coal Transferred into Sichuan Province 





Combined cost (yuan/ton) 








Loading and Place of Production Shipping Total 
unloading ports production cost cost 

Luoyang-Jf angyou Yima 21.32 13.87 35.19 
Guang yuan-Jiangyou Guangwang 20.47 2.25 22.72 
Panj iang-Dukou Panxian 20.13 14.35 34.48 
Dukou~Dukou Dukou 22.25 0.20 22.45 
Jincheng-Chengdu Jincheng 17.70 16.75 34.51 
Xunchang-Chengdu Furong 25.17 4.85 29.75 





(I) Coal mining enterprises should be placed under relatively centralized and 
unified management. At present, to centrally utilize the limited funds, mater- 
ials and manpower, to technically improve the backbone mines well, coal mining 
enterprises should be placed under relatively centralized and unified manage- 
ment, planning and guidance should be strengthened, business management should 
be centralized, procurement, transfer and transportation and marketing of coal 
should be unified and economic gains should be increased. 
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(II) Mining regions with favorable conditions should develop comprehensive 
utilization, develop power stations at the pits. Im recent years, the mining 
regions of Yongrong and Nantong developed comprehensive utilization and built 
power stations at the pits. They realized better economic results and accumu- 
lated some experience. Other mines have large quantities of waste coal rock, 
inferior quality coal, gas and such resources that can be utilized to increase 
the income of coal mining enterprises. 


(III) We should accelerate the pace of capital construction. In developing 
Sichuan's coal industry, we should pay attention to capital construction. 

This is an important link. During the Sixth 5-Year Plan period, we can build 
some new mines on the basis of hastening technical improvement and reorganiza- 
tion of existing mining areas, complete the accessories of mines that have new- 
ly begun production so that they can quickly reach their designed capability. 
When conditions make it possible, we should revive and expand those mines 
where construction has ceased or been delayed and where there are guaranteed 
resources (there are 23 pairs of such mines with a total capability of 

8.3 million tons). We should strive to realize results at the end of the 
Sixth 5-Year Plan period or the beginning of the Seventh 5-Year Plan period. 
During the Seventh 5-Year Plan period, we should consider building several 
more new mining areas. By that time, Sichuan will basically become self- 
sufficient in coal. 
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RENEWED INTEREST AT HOME, FOREIGN ASSISTANCE BOLSTER LIQUEFACTION RESEARCH 


Beijing MEITAN KEXUE JISHU [COAL SCIENCE AND TECHNOLOGY] in Chinese No 3, 
25 Mar 83 pp 3-9 


[Article by Dai Hewu [2071 0735 2976], Director of the Beijing Coal Chemistry 
Research Institute of the Coal Sciences Research Academy: “Progress in Basic 
Research in Coal Liquefaction"] 


[Excerpts] The rich coal resources and the fact that coal is the main form of 
energy show that the future for developing coal liquefaction in China is bright. 
Efforts and support from all sectors during the last 3 years have created good 
conditions for developing basic research in coal liquefaction. The Beijing 

Coal Chemistry Research Institute of the Coal Sciences Research Academy has 
established a liquefaction research laboratory and a physical chemistry re- 
search laboratory. 


With China's renewal of coal liquefaction research work, we have received 
financial aid from the United Nations, and support in the form of equipment 
and instruments, personnel training, visits and inspections, and technical ex- 
change has been provided. At the same time, we are cooperating with Japan's 
New Energy Development Organization [NEDO] to develop coal liquefaction tech- 
nology. We are also making extensive contacts with West Germany, the United 
States, and Australia to mutually explore the forms and content of cooperation 
to promote effective international cooperation on a basis of mutual benefit. 


I, The Importance and Content of Basic Research in Coal Liquefaction 


Tn developing the technological processes and techr.ology of coal liquefaction, 
we must absorb the advanced technology and experience of other nations and we 
must also develop and strengthen basic research in coal liquefaction at home. 
The composition and structure of the products of coal and coal liquefaction 
are very complex. The process of coal liquefaction is also accompanied by 
linked chemical reactions of many phases including pyrolysis, bond breaking, 
condensation, anisotropism, and low molecularization. In the stage of basic 
research, we must study some of the most important subjects, such as the 
selection and evaluation of resources and their properties suitable for coal 
liquefaction, investigate and understand the main aspects and the effects of 
the process of liquefaction, including the basic mechanisms of reactions and 
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material balance, determine and analyze the composition and properties of 
liquefied products, and the stabilization of products and their economic bene- 
fits. Only by thorough research and obtaining ideal results in these aspects 
can we provide a reliable reference and guarantee enlargement of intermediate 
tests and guarantee development. Basic research is a very important scienti- 
fic research task that cannot be neglected. 


The development of basic research in coal liquefaction must have a clear and 
complete plan and concept. We must establish a research body and grasp the 
key technical links, and determine the content of basic research in coal lique- 
faction on the basis of foreign and domestic investigation and study. The 
Systematic analysis of the quality of coal, lithofacies and chemical composi- 
tion are indispensable. The preparation of a stable coal slurry involves the 
granularity of crushed coal, and the method of grinding, the ratio between 
solids and liquids, dehydration of lignite, prevention of oxidation, and sto- 
rage, all of which affect the coal slurry quality. The types and properties 
of solvents and their pretreatment and hydrogen supply are very different. 
Solvents serve a series of functions in transporting coal ash, transmitting 
hydrogen, heat conduction, and dissolving liquefied products. Catalysts are 
very important in accelerating the coal liquefaction reaction and improving 
product quality and operation. The catalysts used in the process of coal 
liquefaction include autocatalytic agents, externally added catalysts and ex- 
traction catalysts. Some complex and important phenomena and factors should 
be basically investigated clearly and understood clearly during the basic re- 
search stage as much as possible. Basic research in coal liquefaction is 
mainly conducted in the laboratory. Experimental conditions, means of analy- 
sis, research procedures, and organization and management must be arranged and 
set up on an overall basis. We should select the most suitable instruments 
and equipment that can basically satisfy the requirements of the tests. The 
ordinary intermittent high-pressure cauldron is the most widely used means of 
research in liquefaction experiments. Its volume varies from half a liter to 
several liters. The small high-pressure cauldron generally has a volume of 
several dozen milliliters. Because quick heating and cooling in the fluidized 
bed can hasten the progress of the experiment and conserve raw materials, the 
cauldron is widely used in selecting catalysists but the yield is small and 
the required analytical precision is high. Frequently a small amount of coal 
is subjected to high pressure cauldron tests and various unit research tests 
to understand the best conditions and basic parameters for liquefaction. Then 
the necessary liquefaction tests continue. Only in this way can we obtain 
better results. Otherwise, we will get half the result with twice the effort. 
In organization and management, we must mainly grasp the organic coordination 
between links, comprehensive analysis and evaluation of experimental data. 


II. We Must Base Our Efforts on Coal Resources and Evaluate the Liquefaction 
Properties of Coal 


Different types of coal have different liquefaction properties. Frequently, 
the properties of coal from different mines in the same coal seams are also 
different. In coal liquefaction it is especially important to select sources 
of coal that have good liquefaction properties so that more liquefied products 
can be obtained, cost can be reduced, and the conditions of liquefaction and 
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the operation can become more favorable. When comprehensively selecting coal 
bases for liquefaction, we should also give overall consideration to reserves, 
prospecting, water sources, transportation and many such factors. The selec- 
tion of sources of coal should also be considered together with coal liquefac- 
tion technology and methods. We must experiment to prove which type of coal 
is suited to what type of liquefaction technology. To enable the evaluation 
and selection of liquefaction properties of coal to gradually develop, we first 
compre and evaluate different types of coal under the same experimental condi- 
tions. The experiment is conducted in a 1 L high pressure cauldron using 
tetralin as solvent. The ratio of solvent to coal is 3:1. The reaction tem- 
perature is 400°C, 


Under a specific hydrogen pressure, the reaction time is 30 minutes. Then, we 
test the conversion rate, the oil recovery rate, the composition of the liquid, 
solid and gaseous products. According to need, we also conducted systematic 
observations and studied the best liquefaction condition for certain types of 
coal. 


Our nation's geostrata of the coal series of the Tertiary Period and the 
Jurassic Period contain large amounts of lignite resources. They are widely 
distributed in the Northeast, Nei Monggol and Yunnan. Several large open-pit 
mines are being built. The degree of metamorphism of lignite is very low, the 
H/C atomic ratio is high, the chemical reaction properties are good, and gene- 
rally the coal is easily liquefied. Tests show that the conversion rate varies 
from 87.0 percent to 53.1 percent. It reflects the difference in composition 
and structure and in the properties of different types of lignite. The active 
constituencies in the composition of coal rock (lens component + stable compo- 
nent + sapropelic component + 1/3 quasi-lens component) are above 90 percent, 
favorable to the liquefaction of coal. The fibrous content of a type of lig- 
nite is as high as 49.6 percent. Because this type of inert constituency is 
difficult to convert, its liquefaction property is very poor. Observation of 
the properties, composition, structure and conversion rate of lignite shows 
that when the numerical values of the volatile content, volatile coal, the 
hydrogen content, the ratio between hydrogen and carbon atoms increase, the 
conversion rate of coal increases. Conversely, when the numerical value of 
the degree of molecular bonding and the microscopic hardness increases, the 
sonversion rate drops. Regression analysis and related tests show that there 
is a definite order in the relationship between the quality index of coal and 
the conversion rate. Experiments also show that the conversion rate of lig- 
nite is high and this does not mean that the oil recovery rate is also high. 
The factors affecting the oil recovery rate are more complex. 


High sulfur coal constitutes a large proportion of our nation's coal resources. 
A very small portion of flame coal, gas coal and fat coal with a high sulfur 
content and a medium degree of coalification is used as coal for coking. Their 
industrial and civilian uses are definitely limited. High sulfur coal usually 
is easily liquefied. The benzene conversion rate is 88 to 64 percent, and the 
recovery rate of liquid products is 74.4 to 58.4 percent. Generally speaking, 
the conversion rate of high sulfur coal increases as the numerical values of 
the active components, the volatile fraction, the thickness of the colloidal 
layer in the lithofacies increase, and drops as the average maximum reflection 





rate Re ax increases. According to foreign research, it is believed that py- 


rite in coal serves a catalytic function in the coal liquefaction reaction. 
But in the experiments, the content of sulfur of liver pyrite was not high but 
the content of organic sulfur was high and the conversion rate was also high, 
such as the No 1 high sulfur coal and the No 2 high sulfur coal. When the 
contents of sulfur of liver pyrite and organic sulfur in coal are both high, 
the liquefaction properties of coal are also better, indicating that the be- 
havior and function of various types of sulfur in the liquefaction process 
still need to be studied in depth. It was discovered from the distribution of 
sulfur in coal products that sulfur mainly concentrates in residues of »>360°C, 
constituting 50 percent of the sulfur fraction in raw coal. 


To investigate the effect of mineral substances in coal upon the process of 
liquefaction, we selected a type of lignite and categorized the mineral sub- 
Stances by their respective contents. To avoid the effects of ordinary selec- 
tive agents such as zinc chloride and organic agents, we used a type of dry 
method and rotational classification to divide the mineral contents into five 
levels. The ash content was from 22.33 percent to 56.47 percent, and the sub- 
stances were subjected to industrial analysis, coal ash composition test and 
spectrolysis of trace elements and atomic absorption spectrolysis. At the same 
time, we conducted high-pressure cauldron te.ts under the same conditions. 
Tentative test results showed that an increase in minerals in that type of 
lignite does not have any visible catalytic function in its liquefaction. 
Tests of the effect of the ash content in coal from different regions upon the 
liquefaction of coal show that Fe203, TiO? are ash components favorable to 
coal liquefaction while alkaline oxides (Ca0, MgO, Na,0, Kj0) have an unfavor- 
able effect. In coal ash with a low content of minerals, the contents of Mo, 
Co, Ni elements are high. Because they are closely combined with the organic 
substances in coal, they may be favorable to hydrogenation and liquefaction of 
coal. We also took into consideration that the minerals in coal are abrasive 
to the equipment, they reduce the effective processing ability of the equip- 
ment and increase the difficulty in separating solids from liquids. Generally 
speaking, we should select material coal with a low ash content as much as 
possible or reduce the content of minerals in coal as much as possible before 
liquefaction. 


III. We Should Use Modern Instrument Analysis To Launch Basic Research in 
Liquefaction 


Liquefaction of coal mainly involves the linked reactions of cracking and hy- 
drogenation. Coal molecules with various types of functional groups and side 
chains of condensed aromatic structures are dissociated into lower molecules, 
and convert into asphaltene, ofl and gas, and at the same time, when there is 
a deficiency of free radicals and active hydrogen, the products of cracking 
recondense and form high polymer substances. The factors in the coal lique- 
faction reaction (type of coal, reaction temperature, reaction pressure, sol- 
vents and catalysts) mutually affect each other, causing the reaction and the 
products to become complex. Only by using modern instrument analysis to 
examine and determine the intermediate and the final products can be discover 
and explore the true nature of the coal liquefaction process. The development 








of basic research in coal liquefaction must have some modern instruments and 
techniques. ; 


To study the thermochemical reactions in the process of coal liquefaction, to 
select different catalysts, and to find the best reaction temperature and 
condi:ion, we should use high-pressure differential heat and differential 
pressure analyzers (HP-Dt/DT-2000M by Japan's Vacuum Physics and Engineering 
Institute) to study the process of heat absorption and heat release in the 
reactions of the gas-solid phases, the gas-liquid phases and the gas-liquid- 
solid phases. The device requires only a small amount of sample (20 mL), the 
highest temperature and pressure can respectively reach 500°C and 200 ke/cm2, 
the speed of temperature rise is 0 to 10°C/min, the measuring medium can be 
H?, No, He and other gases, and at the same time, it can draw the curve of 
variation of differential heat and differential pressure. Because the hyper- 
bolic surface radiation type infrared focusing furnace was used, temperature 
can be raised and lowered instantly. The device can be matched with the high 
Pressure cauldron. They have provided a scientific means and basis for in- 
depth studies of the mechanism of chemical reactions in coal, catalysts and 
for studies in dynamics. 


The pure solvent tetralin and three types of solvents (washing oil, No 1 an- 
thracene oil and No 2 anthracene oi!) of the coal tar series were subjected to 
element analysis and boiling range analysis, and their specific gravity, vis- 
cosity, average molecular weight and aromaticity were measured. The highly 
efficient liquid phase chromatograph (P-E Series 3B) was used to determine the 
best conditions for the suitable migration phase and fixed phase of the No 1 
anthracene oil and decrystallized anthracene oil, the proportion of solvents, 
velocity of flow, column temperature, and wash-off gradient of the solvents. 
Then they were subjected to qualitative and quantitative analysis. Nineteen 
components could be fixed among the 27 to 28 chromatographic peaks. The main 
contents in No 1 anthracene oil were carbazole of 3.9 percent, fluorene of 

12.9 percent, phenanthrene of 22.3 percent, anthracene of 5.3 percent, fluoran- 
thene of 23.5 percent, and pyrene of 19.1 percent, constituting 86.95 percent 
of the total weight of the solvent. The effects of the four types of solvents 
upon the liquefaction characteristics of Shengli lignite show that there is a 
definite relationship between the consumption of hydrogen and the ratio of 
hydrogen and carbon atoms of the solvent. The consumption of hydrogen reflects 
to a definite degree the strength of the solvent in providing hydrogen. The 
consumption of tetralin was 0.97 percent, the percentages of hydrogen consump- 
tion of the washing oil, the No 1 anthracene oil and the No 2 anthracene oil 
were respectively 2.63 percent, 2.89 percent and 3.65 percent. The consumption 
of hydrogen of the various types of coal tar solvents increases as the content 
of hydrogen drops. Pretreatment of the four types of solvents by hydrogenation 
shows that the properties and composition of the solvents undergo a definite 
change after pretreating by hydrogenation. The average molecular weights of 
the various types of solvents ali dropped, the viscosity became higher, the 
48.5cP of the No 2 anthracene oil (Brookfield LVT viscosity meter, 69°C) 
dropped to 15.5cP after pretreatment by hydrogenation. Besides tetralin, the 
consumption of hydrogen all dropped during liquefaction of coal, and the con- 
version rate and the recovery rate of liquid products increased, showing that 
pretreatment by hydrogenation improves the hydrogen supply of the solvent. The 
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hydrogen supply and conversion rate of tetralin both dropped in pretreatment 

of hvdrogenation. The reason may be that tetralin forms naphtha after dehvdro- 
genation or becomes saturated decahydronaphthalene after hydrogenation and thus 
the hydrogen supply is reduced. Four cyclic liquefaction tests of washing oil 
showed that as the number of cycles increased, the H/C atomic ratio in the 230 
to 300°C fraction of the recovered solvents increased slightly, the conversion 
rate and the recovery rate of liquid products also increased. The reason may 
be that the recovered solvents contained an additional liquid products from 
cracking. It has a chemical affinity to coal substances and this is favorable 
to depolymerization and dissolution of coal. 


The liquefied products of coal and the solvents are complex mixtures. We must 
Study thoroughly the derivatives of coal liquefaction, intermediate products, 
various types of functional groups and specific compounds, the mechanism of 
liquefaction reaction and the composition and structure of the products. Such 
studies all require separating the mixed liquefied products. After using 
molecular distillation and ion and anion exchange or chemical extraction, we 
can separate the liquefied products into acidic, alkaline or neutral compo- 
nents. Neutral components can be further separated as saturated, single ring, 
double ring and multiple ring polarized compounds by silicon gel aluminum 
*xide chromatography. Besides the saturated compounds which can be directly 
analyzed by mass spectroscopy, the other components still need to be divided 
more finely by gel osmosis chromatography. The components obtained can then 
be subfected to structural analysis by chromatography-mass spectroscopy, chro- 
matography/ultraviolet spectroscopy, nuclear magnetic resonance, and infrared 
spectroscopy. 


The infrared spectroscope (P-E 580B) was used to test three types of lignite 
and the liquefied heavy fractions. Fach showed its different characteristics. 
The 2925, 2854, 1460 and 1380 cm-l were the absorption peaks for alkanes, 3050 
and 900-700 cm-l were absorption peaks for aromatic hydrocarbons. The ratio 

of the strengths of the absorption peaks of liquefied heavy fractions at 3050 
and 2925 cm-l can generally reflect the relative content of aromatic CH hvdro- 
carbons and CH alkanes. A large ratio indicates that the content of aromatic 
CH hydrocarbons is high, a small ratio indicates the content of CH alkanes is 
high. According to Friedel's base line method, we can calculate the specific 
light absorption coefficient K of the absorption peak at 2925 cm-l and the 

rate of net gain of alkanes in the liquefied heavy fraction in coal conversion. 
The rate of net gain of CH alkanes in the liquefied heawy fractions of No 2 
lignite is the highest, reaching 141.1 percent. But the ratio between aromatic 
CH hydrocarbons and CH alkanes is the lowest in the liquefied products of No 1 
lignite, indicating that the content of CH alkanes is higher than that in the 
liquefied products of the other two types of lignite. These important para- 
meters when combined with other structural analvses will help evaluate the 
characteristics and quality of certain fractions and will point ouc the direc- 
tion for improving the technology of coal liquefaction and operating condi- 
tions. 











IV. We Must Establish Continuous Liquefaction Facilities, Promote the Deve- 
lopment of Liquefaction Technology 


For the study of coal liquefaction to stop at the experimental stage of the 
intermittent high pressure cauldron is obviously not enough. Long periods of 
continuous operation and experiments can provide more reliable and stable 
Parameters, more accurately realize a material balance in technological pro- 
cess (includ''ng, coal, oil, gaseous raw materials and their liquefied pro- 
ducts) and energy balance (thermal energy and pressure), and a balance in the 
distribution and quality of liquefied products. At the same time, the effects 
of some problems can only be judged after a long period of operation, for 
example, the performance and loss of effect of catalysts, the mutual relation- 
ship between units, the quality of materials and the quality of equipment. 
During the basic research stage, establishing small-scale continuous liquefac- 
tion facilities is a key step in developing coal liquefaction technology and 
techniques. It can firmly establish a foundation for further experiments and 
expanded experiments. 


To promote joint cooperation between China and Japan in developing coal lique- 
faction technology, Japan's NEDO commissioned Japan’s Mitsui Engineering and 
Shipbuilding Company to design and manufacture a small continuous liquefac- 
tion facility of 0.1 ton of coal/day. It has been installed and tested at our 
institute. The facility's highest hydrogen pressure can reach 300 kg/cm2, the 
highest operating temperature is 500°C, the reactor is a cauldron type with a 
volume of about 10 L. It is also equipped with a distiller for liquefied 
products. This ‘acility is suitable for evaluating the liquefaction proper- 
ties of various types of coal and makes it easy to obtain more quantities of 
liquefied products. 


To facilitate testing many methods of and conditions for liquefaction, we pro- 
posed a design requirement and Xytel Company of the U.S. contracted to build 

a continuous liquefaction device of 10 pounds of coal slurry/hour. The device 
can change the experimental conditions. There are two reactors. The mixing 
reactor has a suspended basket for placing catalysts. It can be installed 
when tests of the performance of catalysts is needed, otherwise it can be 
removed. In addition, there is a tube reactor. The two types of reactors can 
be used independently and can be used in series. To adapt to studying the 
method of carbon monoxide-steam liquefaction of lignite with a high content 

of water, the gas supply system has a CO gas supply pipeline. To enable the 
catalyst to undergo sulfuration and regeneration, it also has an H»S gas sup- 
Ply pipeline. Regenerative experiments can be done without removing the 
catalyst. Hydrogen constitutes a large portion of the cost of liquefaction. 
To fully utilize hydrogen gas, a gas washing device to remove HS gas has been 
especially installed on the device. After entering the gas dryer, the gas 
passes through the cyclic hydrogen pressurizer and buffer can, then fresh and 
sure hydrogen gas is mixed in according to a definite proportion for use. All 
operation and monitoring are controlled by a microcomputer. The operator can 
observe the process via a fluorescent screen, the printer records data and the 
operator can {issue commands. The degree of automation of the entire device is 
fairly high. The operation of the small continuous liquefaction facility to 








a certain degree is hard to run steadily. Only in the course of actual ope- 
ration can we accumulate experience continuously, improve the equipment end 
gradually make it perfect. 


Small continuous liquefaction experiments will provide reliabie parameters and 
reference for improving liquefaction technology and for designing enlarged 
devices. Although this is very important, it is not possible and not neces- 
sary to test and run every coal sample through the continuous liquefaction 
device. For this, we use only coal samples and the best conditions selected 
by the high-pressure cauldron test in the continuous liquefaction device to 
further test them. Our goal is to establish a mutual relationship between the 
experimental results of the high-pressure cauldron and the continuous liquefac- 
tion device by accumulating data so that we can more effectively apply the 
experimental results of the high-pressure cauldron and hasten the development 
of liquefaction technology and techniques. 


Ordinarilv, the products of one-time hydrogenation and liquefaction of coal 
contain a lot of asphaltene and oxygen, nitrogen, sulfur, and small amounts of 
metallic impurities. They are very unstable in air, they easily age and form 
gels anu. sediments, the viscosity and molecular weight will increase and they 
are difficult to store, transport and utilize. Therefore, the study of coal 
liquefaction should include the extraction, hydrogenation and concentration 

of one-time hydrogenated and liquefied products. In the process of catalytic 
hydrogenation and cracking, we should remove oxygen, nitrogen and sulfur as 
much as possible, reduce the aromaticity and molecular weight, enable polycyc- 
lic compounds to break down into monocyclic or bicyclic compounds and become 
stable light ofl and fuel ofl. In the extraction of liquefied products, we 
must not only study the conditions for hydrogenation and cracking (reactor, 
pressure, temperature, duration), we must also study highly efficient active 
extraction catalysts. The biocking of the openings on the surface, accumula- 
tion of carbon, and poisoning by trace elements are still subjects that need 
studying. The results of extraction of liquefied products from coal and the 
life of the catalyst also need to be determined and tested in special contin- 
uous extraction devices. The continuous coal liquefaction and extraction de- 
vices have manv similarities, but each is unique. For example, the viscosity 
»f the products of coal liquefaction is greater than coal slurry, therefore 
the devices are not entirely the same. People cannot simplv believe that the 
needs in extraction of products in coal liquefaction can be satisfied and that 
satisfactory results can be obtained by using the same techniques for petro- 
leum processing. 


Coal liquefaction technology is a strongly comprehensive processing technology. 
The experience accumulated in past industrialization, popularization and ap- 
Plication of various new techniques, and emphasis and cooperation bv the 
world’s nations will all promote the rapid development of scientific research 
{n coal liquefaction in China. 
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STATUS OF OPEN-PIT OPERATIONS REVIEWED 


Beijing SHIJIE MEITAN JISHU {WORLD COAL TECHNOLOGY] in Chinese, No 4, Apr 83 
pp 2-6 


(Article by Zhang Minyuan /1728 2404 12547, Open-Pit Mining Engineer of the 
Scientific and Technical Information Research Institute of the Ministry of 
Coal Industry: "Qutlook for China's Open-Pit Coal Mining"/ 


[Excerpt] The technical status of open-pit coal mining in China at present 
is as follows: 


1. Mining technology is simple, technical equipment is backward 


China now has 18 to 20 open-pit coal mines. All use intermittent mining 
with transport facilities. Those with standard gauge electric locomotives 
constitute 38 percent, those with steam locomotives 34.8 percent, those 
with narrow gauge railroads constitute 17.7 percent, and those with trucks 
constitute 9.5 percent. In other nations’ open-pit coal mines, the steam 
locomotive and the narrow gauge facilities which were once the main trans- 
portation equipment had been eliminated by the beginning of the 1970's. To- 
day, they are used only in isolated cases or as auxiliary equipment. China's 
present standard gauge electric locomotive transport is equivalent to the 
levels in the Soviet Union and East Germany at the beginning of the 1970's. 
The Soviet Union and East Germany began to use dual power souree locomotives 
of 240 tons adhesive weight and ac and de linked traction units with an 
adhesive weight of 360 to 372 tons. Single locomotive use has steadily 
decreased year after year. According to the Soviet experience, the limiting 
grade for a locomotive is 6 percent. The capacity of the trains is 37 per- 
cent higher than that of electric locomtives. In the future, such locomo- 
tives will be used more in railroad transportation. Trucks used by the 
producing open-pit coal mines in China have a maximum load capacity of 27 
tons (Soviet Belass model). Because of a shortage of spare parts and poor 
management, their rate of operation is low, and production has long remained 
in a passive situation. 





Up to the end of the 1970's, the boring equipment used by almost all open-pit 
coal mines was still the percussion drill, which had been eliminated long ago 
in other advanced nations. The efficiency is low, it is labor intensive, 

and it is difficult to operate; in recent years mines have gradually changed 


50 








the boring equipment. Each producing open-pit coal mine has begun to rebuild 
the percussion drills into a rotary drill. Efficiency has improved. For 
example, at the Fushun West Open-Pit Mine, the average efficiency of the 
rebuilt drill was more than 4 times higher than the percussion type. At 
present, rebuilding wrk is continuing. Beginning in 1975, we began to 
study and develop the ZX-150 rotary drill suitable for boring in the coal 
mines. It could use a cutting bit and also a toothed bit with an aperture of 
150 millimeters. Two industrial experiments proved that the design parameters 
were basically rational and the structure was advanced, but because the 
manufacturing quality was not high, the rate of operation was affected, 

and it should be further improved anc finalized. Beginning in the 1970's, 
some mines used the shallow hole drill and the toothed gear drill. It is 
expected that the drilling area of open-pit coal mines will greatly in- 
crease in the future. 


The loading equipment that is now popular is the l-cubic-meter bucket and the 
4-cubic-meter electric shovel. 


The standards of the above equipment and technical status lag far behind the 
world's advanced levels. They have limited the improvement of the productive 
capability of open-pit coal mines. The Huolinhe Open-Pit Coal Mine now 
being built uses West Germany's RH75 hydraulic single bucket shovel with a 
capacity of 8.1 cubic meters. The American-made 75B model dumptruck with a 
load capacity of 68 tons is used for transport. The American-made GD25 
model toothed gear drill with an aperture of 150 millimeters is used for 
drilling. Other auxiliary equipment is also imported. 


Now, the United States, the Soviet Union, and Australia use the overhead 
bucket shovel or the electric shovel for direct dumping, and East Germany 
commonly uses the conveyor and earth removal bridge. At present, it is being 
used in China but it is limited by geological conditions. 


At the beginning of the 1950's, West Germany and other European nations 
commonl y used the continuous mining process involving the rotary bucket 
tunneler--conveyor belt--earth remover. The process was suitable for soft 
rock open-pit mining. This technique is still a void in China. 


ln 1972, China organized efforts to develop small-scale continuous mining 
equipment, such as the DW-200 rotary bucket tunneler with a theoretical capa- 
bility of 400 to 700 cubic meters (loose cubic meter) per hour. The former 
excavated oil shale and the latter excavated earth and sand. The linear cut- 
ting strength was 100 kilograms/centimeter, the diameter of the rotary bucket 
wheel was 4.7 meters, the driving power of the bucket wheel was 135 
kilowatts, the arm of the bucket wheel was hydraulically controlled, the 
upward excavating height was 10 meters, and the downward excavating depth 
was 0.4 meters, and the excavator weighed 164 tons (including weight of 
accessories). The mobile steel core conveyor belt has a belt width of 

1,000 centimeters and the belt travels at 2.5 meters/second, the hourly 
productive capacity is 1,000 tons, and the wheel is the tractor type. The 
earth remover, designated the PS-1000, has an hourly productive capacity of 
2,000 tons. The upward operating height is 13 meters, the radius of 
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excavation is 35 meters, the specific pressure upon the ground is 0.8 
kilograms/square centimeter, and the machine weighs about 150 tons. At the 
same time, we developed the equipment moving vehicle and the rubber belt con- 
tact sulfurization machine. At the beginning of the experiment, a rotary 
bucket tunneler loaded the dumpcart. The operation was then changed to a 
standard continuous mining system with single machinery production and 
accessories were gradually added. The test of continuous excavation of the 
whole system began in November 1977, at the open-pit mine of the Maoming 
Petroleum Company. It excavated for a cumulative total of 1,164 hours, 
extracted 40,000 cubic meters of oil shale and 215,000 cubic meters of 

earth and sand. Tests proved the design of the structure of the equipment 
was basically successful and it was suitable for excavating soft earth and 
sand. Because of the limitations of experimental conditions, this set of 
equipment did not meet the requirements stipulated by the design for the 
experiment in excavating oil shale mines or rock layers of similar hardness. 
Therefore, in April 1979, at the summarization meeting, conclusions concern- 
ing industrial experimentation and evaluation were not made. Later, further 
efforts to create experimental conditions were not made. But some key 
problems surfaced during this wrk, for example, the free cutting angle 

was too large, and this has now been improved. The rotory bucket excavator 
has been successfully used at the water conservancy work site at Shitouhe 

in Shaanxi, and in August 1982, industrial experiments and evaluations were 
conducted in earth excavating projects. 


In 1977, a second continuous mining process and equipment were organized to 
meet the needs of expanding the Xiaolongtan Open-Pit Coal Mine in Yunnan 
Province. After several years of preparation by concerned departments, a 
trial manufacturing agreement was signed in June 1980. The plan and the 
design of the whole set of equipment were reviewed in March 1981, but later, 
because of readjustment, there were no development funds, and a trial manu- 
facturing contract was not signed. Development work was temporarily ter- 
minated. In December 1982, trial manufacturing funds were acquired, so the 
user and the manufacturing unit signed a trial manufacturing contract, and 
the development of the second set of continuous mining process and equipment 
was revived. It is scheduled for use in stripping projects in 1986. In 1987, 
it will begin test operation in the coal mining system. The parameters of 
this set of equipment were determined according to geological conditions 

and the production scale of the Buzhaoba Pit at the Xiaolongtan Open-Pit Coal 
Mine. In general, the geological conditions of the Xiaolongtan Coal Field 
are similar to those of the Rhine Mining Area in West Germany. The coal 
seams are thick, generally 139 meters. The lithological character is soft, 
but the coal rock is slightly harder than that in the Rhine Mining Area. 

The atmospheric temperature is higher than that in the Rhine Mining Area and 
the lowest temperature is only -2%. The strike of the coal seams is short, 
the inclination is longer, the depth of burial is greater, and only by using 
continuous mining technology is it more economically rational. The theoreti- 
cal hourly productive capacity of the rotary bucket excavator of that set of 
equipment is 1,500 to 2,000 cubic meters (loose cubic meter). The former is 
used for mining coal, and the latter is used for stripping. The upward 
excavating height is 15 meters. It is combined with the transporter to form 
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a composite platform. The total height is 40 meters, the linear cutting 
strength is 120 kilograms/centimeter, and the diameter of the bucket wheel 
is 7.5 to 8.0 meters. The machine weighs about 500 tons. The mobile, 
semi-stationary, and stationary steel core conveyor belt has a belt width 
of 1,200 centimeters, ami the belt speed is 4.0 meters/second. The mobile 
rubber conveyor drive is a slide. The hourly productive capability is 
2,000 cubic meters (loose cubic meter). The hourly productive capability 
of the earth excavator is the same as that of the rubber conveyor belt. 
The height of the top row is not less than 10 meters, and the height of the 
lower row is not larger than 15 meters. The machine weighs about 210 tons, 
and its pressure upon the ground is 0.8 kilograms/square centimeter. Be- 
cause the coal seams of the open pit at Buzhaoba are thick and the mining 
depth is large, the rotary bucket excavator with larger linear parameters 
is more suitable. Because it is difficult to manufacture the rotary bucket 
excavator, and because there is a lack of experience in manufacturing 

them in China after overall consideration, a smaller upward digging height 
was used to reduce the difficulty in manufacturing and to hasten the 
development period to meet urgent needs. 


2. Large-scale mining regions centered around open-pit operatins have not 
yet materialized. 


The output of the largest producing open-pit coal mine in China at present 
is 3,600,000 tons/year. Now, only the Xiaolongtan Coal Field is completely 
mined by surface mining. Its output is 2,100,000 tons/year. This is mainly 
limited by the conditions of the resources of the coal field. Prior to the 
1970's, there were no other coal fields suitable for open-pit mining with a 
rich known reserve besides Pingsuo. Second, because of the limited capa- 
bility of machinery manufacturing, the specifications of the equipment were 
small, and output was definitely limited. 


3. Open-pit mining has no clear superiority. 


The labor productive rate of China's open-pit coal mines is low. For 
example, in 1981, the annual efficiency of all personnel was 1.492 tons/man- 
day, only 0.8 times higher than that for shaft mining. Heavy equipment is 
required, the consumption of steel is large, and sometimes specially made 
equipment is needed, but because the domestic supply capability is limited, 

a lot of foreign exchange is needed to import equipment. The scale of open- 
pit mining is generally greater than shaft mining, the initial investment is 
large, funds are difficult to acquire, and generally the total investment for 
shaft mining is small, and compared to open-pit mining, shaft mining is easier 
to start. The cost of strip mining in open-pit lignite mines which require 
more strip mining is high, losses are great, and the higher the output the 
greater the loss. Because of this objective reason, the development of 
open-pit coal mines has been limited. 


4. Setentific research, design and information personnel are few, capability 
is weak, and methods are backward. The technical, organizational, and manage- 
ment levels are low. Systems engineering and computer technology have not 
entered the sectors of open-pit mining in China's coal mines. 
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In summary, the development of China's open pit coal mines has been slow 
and the technical situation is backward. 


In the 1950's and at the beginning of the 1960's, the technical equipment 

at the Haizhou Open-Pit Coal Mine and the Fushun West Open-Pit Coal Mine 
basically matched the railroad transportation and technical equipment of the 
Soviet Urjon and East Germany. Later, these nations and some other nations 
continued to build large open-pit mines, reformed mining technology and 
renovated equipment, therefore there was new development. 


Coal is China's main energy resource. To realize quadrupling of the total 
industrial and agricultural production value by the end of this century, the 
output of coal must double. How can we realize this goal? Based on the con- 
dition of the resources in China and foreign experience, developing open- 
pit mining is a measure to meet the urgent need and also a long-range 
principle. For this, the following views have been presented: 


1. Understand thoroughly the suitable scope of application of various 

types of mining technology, fully utilize the advantages of various types 

of technology, and select the mining technology that is economically rational 
and that suits China's situation. Among the existing mining technologies 

at present, the reverse dumping technique is the simplest. With few links, 
the efficiency is high and the cost is low, but the suitable scope is 
narrow. It requires nearly horizontal or gentle inclined coal seams and 
thin covering layers. The coal fields in the eastern and central United 
States mainly use this type of technology. Some open-pit coal mines in the 
Soviet Union, Australia, and Britain also use this technology. 


At present, China still does not have coal fields with suitable conditions. 
In the future, this technology may be used in mining some local areas. 
Continuous mining has a large capability, the efficiency is high, and it is 
suitable for various depths, especially open-pit mines with a short strike 
and a great mining depth, but it has definite requirements for lithological 
character and climate. When the atmospheric temperature is below -25°C, 

when the rock is very hard, when the surface cutting strength of the rotary 
bucket excavator required is greater than 10 kilometers/ square centimeters, 
or when the linear cutting strength required is more than 200 kilograms/ 
centimeter, other measures must be used. The Soviet Union has spent many 
years studying and has successfully used the rotary bucket excavator at 
temperatures of “45°C. Its surface cutting strength can reach 14 kilograms/ 
square centimeter, and its theoretical hourly capacity is 5,000 cubic meters. 
At present, it is experimenting with a high cutting strength rotary bucket 
excavator with a surface cutting strength of 21 kilograms/ square centimeter 
and a theoretical hourly capacity of 1,250 cubic meters. 


The Soviet Union is developing the Kansk-Achinsk Coal Field. The temperature 
at that coal field is even lower, but the lithologica) character is soft. 
Continuous mining will be used for both mining coal and stripping. Coal 
mining will be in operation throughout the year and stripping will be 
seasonal. For this, the Soviet Umion is actively developing a rubber conveyor 
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belt resistant to freezing. The experiences of Canada's tar sand mines 

are also worth learning. Xiaolongtan, Zhaotong and several other amall 
coal fields in Yunnan are ideal regions for continuous mining. The open- 
pit coal mines at Yuanbaoshan, Yiminhe, and Linquan in Nei Mongol are 

also gmitable for contimous mining, but the temperature is low, reaching 
~8 °C. It is expected that at the beginning, many difficulties will be 
encountered and we need experience. Truck transport is mobile and it does 
not require electricity, but it is limited by the distance of transport and 
the depth of mining. Generally, the mining depth is not over 100 meters 
anc the transportation distance is within 3 kilometers. It is suitable 
for shallow open-pit mining, and the transportation cost would be too high 
for distances beyond. Thciefore, it can be used for initial construction 
and production at large open-pit mines. When the limit of economic 
rationality is reached, other technologies or joint technologies can be 
used. This can accelerate the speed of construction of open-pit mines, 
race against time, and has practical significance for the several open-pit 
mines that we urgently need to build now. 


The cost to ship 1 ton 1 kilometer by railroad is low, railroad transport 
is strongly suited to cold weather, the transport capacity is large, and it 
is suitable for long-distance transport where the grades are not steep. 

But the work of paving roads, laying lines, and moving the equipment is 
heavy, and there is a lot of auxiliary work. At present, fewer and fewer 
open-pit mines utilize railroad transport. Only in the Soviet Union does 
rail transport of stripped coal still constitute over 30 percent. It is 
expected that by 1985, this percentage will still be maintained. Rail 
transport of mined coal constitutes over 50 percent. But the long-range 
development in the Soviet Union is towards continuous mining and semi- 
continuous mining to increase the output of stripped coal by dumping. 

2. We must strengthen geological surveying and improve the accuracy of 
geological data. Especially in gathering the parameters of the areas mined 
first, positions of outcropping, lithological hardness and distriubtion, 
engineering geology, and hydrogeology, we should avoid unnecessary loss and 
improper decisions. Besides the coal fields described above, we should contin- 
ue to find reserves gqitable for open-pit mining, increase the percentage 
of open-pit mining, and accelerate the development of the coal industry. 


3. We should respect objective laws, strictly follow the order in capital 
construction, actively implement measures that hasten surveying, design and 
construction. We should fully carry out pre-feasibility studies and 
feasibility studies. We should determine the best development plan on the 
basis of comparing many plans. Preparatory work for the Pingsuo Open-Pit 
Mine has been completed, and a feasibility study has been conducted jointly 
by the Chinese and Americans at present. To finish the whole work requires 
l year. But the depth of feasibility studies abroad is different. Some are 
eqiivalent to China‘’s preliminary designs. 

4. After construction funds have been obtained, technical equipment is the 
material foundation of open-pit mining. We should import technology, 
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establish joint manufacturing efforts mduse other ways. We should accelerate 
the development of new equipment, improve self-sufficiency in equipment, 

form a series of equipment suitable for China's open-pit mining (including 
metaliurgy, building materials, and chemical engineering). To meet near- 


term needs, we should appropriately introduce complete sets of equipment. 


5. We should carry out training in time and according to plan so that 
workers and technical and managerial cadres can quickly become familiar 
with and grasp the operation, use, maintenance and management of new equip- 
ment and new technological processes, and increase economic benefits. 


6. To guarantee normal production, we should consider measures to prevent 
cold damage to equipment used in severely cold weather, whether the 

equipment was developed domestically or imported from abroad. The Southern 
Yakutsk Open-Pit Mine in the Soviet Union used the 204 model super front end 
loader and the M-200 dumptruck imported from the United States. At the begin- 
ning the equipment could not adapt to the -50 °C temperature but after 
several years of efforts, the equipment was improved. 


Chang ing the business management system and comprehensively considering 
the economic benefits of coal will benefit mining, generation of electric 
power and comprehensive utilization. For example, the three mining regions 
in the eastern Soviet Union have all established a comprehensive facility 
for tuel power. The Lignite Company in the Rhine mining area in West 
Germany is subordinate to the Westphalia Power Company. 


In general, the period before the end of this century, especially before 
1990, is the key period for developing China's open-pit coal mines. 

We have 18 years in which to finish the course of 30 to 40 years of 
development in the United States and the Soviet Union. The time is short, 
the task is difficult. But in view of the rate of development in the past 
LO years in the United States, where the output of open-pit mining realized 
a net increase of 200 million tons, and in the Soviet Union which realized a 
net increase of 100 million tons, as long as concerned departments cooperate 
as one, are consistent, and maintain the overall balance, the expected 

goals can be realized. 
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TECHNICAL ASPECTS OF RATIONAL CONCENTRATION OF MINE PRODUCTION ANALYZED 


Beijing MEITAN KEXUE JISHU [COAL SCIENCE AND TECHNOLOGY] in Chinese, No 12, 
25 Dec 82 pp 2-10 


[Article by the Editorial Department of this Magazine: "The Experience of 
Rational Concentration of Production at Mines and the Trend of Development -- 
Summary of Technical Discussions on the Specific Topic of Rational Concentra- 
tion of Production at Mines” ] 


[Text] Since this magazine launched the discussion on the 
special topic of “rational concentraiton of production at 

mines” in its fourth issue of 1981, a broad number of readers 
have showed their support and concern. In order to conscien- 
tiously summarize the experience, promote the development of 

the work to rationally concentrate production, the China Coal 
Society asked the editorial departments of this magazine and 
MEITAN XUEBAO to hold a special discussion meeting on the 
“rational concentration of production at mines" at the Mojiang 
Coal Mine in Sichuan Province from 6-11 May of this year. The 
meeting was attended by 120 delegates. They studied and 
discussed the definition of the concentration of production, 

the subject matter, the technical means, the evaluation indices, 
and especially the experience of recent years. The meeting 
asked six comrades, lecturer Wang Yuxun [3769 3768 3182] of 

the China Mining Academy, Senior Eng. Zhu Peihua [ 2612 1014 5478) 
of the Headquarters of the Dadun Coal Mine, Eng. Wang Shenghong 
{3769 0581 7703] of the Design Institute of the Wuhan Coal Mine, 
Sr. Eng. Xu Dezuo [6079 1795 0146] of the General Planning and 
Design Academy of the Ministry of Coal Industry, Assistant 
Professor Wu Shaogian [0702 4801 0241) of the Xi'an Mining 
Academy, and Sr. Eng. Zhu Meili [2612 5019 7787] of the 
editorial department of this magazine to write a technical summary 
on this special topic. The summary is published below. At this 
point, the technical discussion temporarily ends but in the 
future, we will continue to note new activities in this aspect 
and will publish new experiences at appropriate times. 
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I. The Significance of Concentrated Production at Mines and Its Development 


Concentrated production at mines is the objective law and necessary trend in 
the development of production in foreign and domestic coal mines. From the 
viewpoint of the industrial economy, concentration of the means of production 
and labor force in time and space. It is manifested in the expansion of the 
scale of enterprises (absolute concentration) and the increase in the propor- 
tion of production by large-scale enterprises in the production sectors 
(relative concentration) to realize better technical and economic results. 
Concentration of production is suited to the production of coal mine of 
products because these products are singular, there are many links in produc- 
tion, and the equipment is large. 


Concentrated production by a mine refers to the use of the least amount of 
labor to realize the greatest output and the best economic results within a 
unit time period and within a smaller space. Its subject matter is very broad, 
but the degree of concentration of production at mines must be suited to the 
technical equipment, the proportion of capital utilized, conditions of 
resources, and management level so that the maximum economic benefits can be 
realized. 


During discussion, it was unanimously held that it is not true that more 
concentrated production is better under all conditions. Concentrated produc- 
tion must suit local circumstances. Here, we should emphasize "rational" 
concentration of production. This means that under the geological conditions 
of different mines, we should establish concentrated production that can 
realize better economic results according to their different levels of 
technical equipment, production, and management. It means that regardless of 
the size of the mines, the geological conditions, the level of mechanization, 
the output of methane, or whether coal or gas is outstanding, there will 
always be requirements for a rational concentration of production suited to 
their conditions. And we should use these to improve the production technique 
and organizational management of the mines. 


Although it is generally believed that the criteria for rational concentration 
of production at mines should be centered around the realization of good 
economic results, three different views emerged in the discussion regarding 
concrete economic results: The first view is to take output as the criterion. 


This is because increasing output is to satisfy the needs of national economic 
development. Even when the other indices of the mines drop, as long as more 
coal is produced, it would still be rational from the macroeconomic viewpoint. 
But this is suited only to certain specific situations. The second view is 

to take the improvement of the major economic indices of the mines as the 
criterion. This means to maintain or increase the output of the mines, reduce 
the amount of engineering work on the shafts and tunnels, improve efficiency, 
and reduce cost. Most people believe this is the most important. We must 
never concentrate for the sake of concentration. The third view bolds that 
the main criterion for the rational concentration of production at mines should 
be to establish output based on the type of mine, to follow the mining 
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procedure, to follow the rational mining ra@ios for thick and thin coal seams, 
and to maintain a definite ratio between comprehensive mining and general 
mining according to the conditions of the coal seams in order to realize long- 
term stable, high output and good economic benefits. 


Concentrated production at mines has been the major principle and technical 
policy of the world's major coal producing nations to develop production since 
the 1950s. After the war, Britain, Poland, and Japan all carried out technical 
improvement of mines and built new mines centered around concentration of 
production at coal mines, The Soviet Union and the United States continued to 
enlarge the design capabilities of new mines while rebuilding some productive 
mines. The general trend was to continue to improve the degree of concentra- 
tion of mines while developing mechanization to realize the goals of improving 
efficiency and reducing cost. A comparison between 1980 and 1960 showed that 
the average unit output of the faces and mining shafts of major coal producing 
nations using the longwall mining method increased by over one-fold. While 
the number of faces dropped by 45 to 90 percent and the number of shafts 
dropped by 20 to 75 percent, the work efficiency of the mines increased 60 to 
300 percent. 


During the "First Five-Year Plan" period, China's coal mines implemented a 
reform to join the mining area and tunnels at some mines where groups of coal 
seams were mined. For example, the fifth mining region of the Xie'er Mine in 
Huainan implemented large-scale joint arrangement, promoted concentrated 
production of the mining area and the mining shafts. To enable concentrated 
production in China's mines to rapidly develop, the Ministry of Coal Industry 
held a national coal industry technology conference in 1963. The special 
subjects of reclamation and tunnel arrangement were discussed and experience 
was exchanged. The efforts promoted the development and perfection of the 
tunnel system in the mining areas with concentrated horizontal tunnels through 
rocks and concentrated mining, and provided favorable conditions for developing 
coal production. To further summarize and implement the experience of 
concentrated production, the Ministry of Coal Industry again held a "meeting 

to learn the experience of reforming the arrangement of reclaiming productive 
mines” at Kailuan in 1974 and a “meeting to exchange experience in concentrated 
production after reforming the arrangement of tunnels in productive mines” at 
Jixi in 1976. Based on the long-term practice in production at our coal mines 
concentrated production at the faces, mining areas, levels and shafts 
(abbreviated as “four concentrations") was proposed. From tnen on, improvement 
in the reclamation of mine shafts and in the arrangement of tunnels was widely 
carried out throughout the nation and visible results were obtained. A 
comparison between 1980 and 1952 showed that the output of coal increased 9.3 
times, the number of mine shafts increased only 2 times, and the average out- 
put of the mine shafts improved nearly one-fold, the unit output of the faces 
increased 1.6 times, and the stoping efficiency improved nearly one-fold. 


In recent years, a lot more work has been done in the rational concentration 
of production at mines in combination with technical improvement of the mines 
based on the requirements of the four concentrations proposed by the Ministry 
of Coal Industry and definite results were realized. A comparison between 
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1980 and 1962 showed that the designed capability of uniformly equippec mines 
improved 29.5 percent, the actual output increased 51.9 percent, the rate of 
productive tunneling dropped 44.8 percent, and the tunneling rate dropped 

41.4 percent. The amount of coal obtained per meter of tunneling increased 
from 240 tons in 1964 to 520 tons in 1980. Especially from 1976 to 1981, 

the number of mine shafts gradually dropped by 1 to 2.8 percent. The annual 
growth in the productive capability of the mine shafts was 0.3 to 4.4 percent. 
By 1981, the average capability of the mine shafts reached 536,000 tons. The 
average monthly output of the faces was 16,634 tons. The productive tunneling 
rate was 182.29 meters/10,000 tons. Take the Gezhuang Mine at Kailuan, which 
has a relatively high degree of concentration as an example, production at 
single horizons, the 4 productive mining areas, and tunnels of the mining 
areas were joined. Each mining area had 2.5 faces in production simultaneously. 
The average annual output of the mining areas was 750,000 tons. The highest 
annual output of the mining areas reached 1,540,000 tons. All of the faces 
were mechanized and the monthly output reached 25,000 tons. 


During these special topic disucssions, there were two views concerning whether 
the “four concentrations" could reflect the subject matter of rational 
concentration of production at the mines. One opinion believed that the "four 
concentrations” reflected the main subject matter and the basic requirements 

in rational concentration of production at the mines. The consumption of 

labor constituted over 70 percent of productive labor at the mines. The 

basis of the “four concentrations" was the concentration of the active faces, 
and ways should be found to improve the unit output of the faces. Another 
opinion believed that the "four concentrations” could not completely and 
concretely reflect the complete meaning of rational concentration of production 
at the mines. The four concentrations placed more emphasis on increasing 
output and improving the productive capability, but they did not concretely 
realize rational concentration and improvement of economic results. At the 
same time, the four concentrations were easily misunderstood to be a concentra- 
tion of production in these four aspects alone at the mines. It was believed 
that the higher the degree of concentration or the larger the output the 
better, and frequently the concentration of the surface productive system and 
the arrangement of the industrial sites, full utilization of work hours, 
conditions of special coal seams, and rational concentration at mines with 
equipment of poorer standards were neglected. Thus, some mines had a very 

high degree of designed concentration of production, but because the mining 
conditions were unsuitable, the mines could not reach the designed capability 
long after production began. Therefore, the concept of rational concentration 
of production at mines, as it has developed up to now, can no longer be dovered 
by the "four concentrations”. It should be examined according to the concept 
put forth in the above definition. The concrete subject matter of rational 
concentration of production requires appropriately supplementing or revising 
the "four concentrations" so that they can fully realize and fully express the 
meaning and goals of rational concentration of production at mines. 


Il. Experience in Concentrated Production at Mines in Recent Years 


l. Developing Mechanization of Coal Mining on a Large Scale, Improving the 
Level of Unit Output 
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In recent years, mechanized coal mining has developed in a big way. The 
level of mechanization of coal mining throughout the nation has reached 

39.77 percent. In 1981, the percentage of comprehensive mining increased from 
0.39 percent in 1974 to 17.67 percent. The average monthly output reached 
33,570 tons. The unit output of comprehensively mined faces in recent years 
realized a greater increase. The annual output of the First Comprehensive 
Mining Teaz of the Tongjialiang Mine in Datong and the annual output of the 
Fourth Comprehensive Mining Team of the Ymedingzhuang Mine reached 1,040,000 
and 1,185,000 tons respectively. The stoping efficiency was 38.9 tons/man- 
day and 37.6 tons/man-day. Up to the end of June 1982, the number of 1 
million-ton faces increased. There were 7 comprehensive mining teams with an 
annual output of over 500,000 tons, constituting 5.7 percent, and teams 

with an annual output of over 300,000 tons constituted 34.4 percent. At 
present, China has gradually explored and determined some rational parameters 
for comprehensively mined mining areas and faces. The length of a face is 
130 to 160 meters, the length of the strike of the mining area should not be 
less than 1,000 seters in areas where geological conditions are good. AAso, 
coal bunkers for over 200 tons should be built in mining areas. 


While developing comprehensive mining in light of the situation in China, a 
high-grade general mining face was developed as an experiment at the Chazhuang 
Mine in Feicheng in 1978. In 1979, its annual output reached 500,000 tons, 
the average monthly output reached 41,681 tons, the cost dropped 25.6 percent. 
In 1980, 8 high grade general mining faces were popularized and in 1981, all 
began production. The average monthly output reached 23,557 tons. 


The meeting covered the relationship between concentration and mechanization, 
and mechanization at different mines. It was believed that the relationship 
between concentration and mechanization at large and medium mines or at mines 
that have favorable conditions for using mechanized coal mining was a relation- 
ship of mutual stimulation and mutual limitation. Concentration created 
conditions for mechanization, and mechanization pushed forward the further 
concentration of production at the mines. Although small mines or mines that 
have not implemented mechanized mining cannot realize mechanized production 
yet, they can similarly concentrate production. 


2. Rationally Arranging Mining Areas and Mine Shafts, Simplifying Tunnel 
Systems, Improving Mining Methods 


In recent years, some mining areas and mines broke away from certain original 
limitations in development, preparation and stoping tunnels. As production 
developed, they readjusted the distribution of the mines in time, reformed the 
system of development, the arrangement of tunnels and the method of coal 

mining, concentrated the mine shafts, and created good conditions for increasing 
sutput and improving economic benefits. 


(1) Om the basis of readjusting the entire arrangement of the mining areas, 
neighboring mine shafts were rationally arranged and combined. Combining mine 
shafts is a higher stage of technical improvement. Usually the following 


methods are used: 1) combining adiacent mine shafts; 2) exhausted shafts are 











combined with normally producing ones; 3) exhausted shafts are combined with 
new ones; 4) new shafts are combined with exhausted ones; and 5) the under- 
ground drifts are linked and combined, with coal extracted from separate 
shafts. The Jixi, Huaibei, Shuangyashan, and Kailuan Mining Bureaus combined 
shafts to realize good results. For example, The Jixi Bureau is an old 
mining region that has used oblique shafts for over 60 years. Since 1964, 

64 pairs of shafts have been combined and rebuilt according to plan, and by 
1980, they were concentrated into 26 pairs. The actual productive capability 
of the mine shafts improved 93 percent, and the output of the mining area 
improved 6.4 percent, and losses were reduced by 65 percent. Also for 
example, the Huaibei Bureau learmed the lesson of the Huainan Bureau which 
had too many shafts in the field. In 1963, the Huaibei Bureau began gradually 
combining the originally planned 26 pairs of shafts into 9 pairs. 


(2) Many forms of continuous mining were used, the advancement in footage of 
the faces was increased, the efficiency of machinery was fully developed, and 
loss of coal was reduced. Many mines used cross pitch stoping to cross the 
boundaries of the mining areas to continue mining and pitched both ends of 

the mining area for back-and-forth stoping. This reduced the number of times 
of moving and inverting the face. For example, the distance of continuous 
advancement of the 2306 comprehensive mining face of Qishan Mine in Kuzhou was 
1,276.4 meters. The continuous advancement of the 1373 and 1273 comprehensive 
mining faces at Fangezhuang Mine in Kailuan was 2,200 meters. 


At slow incline coal seams with good conditions, continuous sectional mining 
was implemented. In 1975 the Wangshi'ao Mine in Tongchuan began to abolish 

the traditional arrangement of mining areas. It used the quarry gate transport 
system to set up a face (280 to 300 meters long) with opposing longwalls along 
the strike in a section of one flank of the mining field. At present, the 
length of continuous advancement of the face has reached 2,100 meters. The 
face has advanced for 4 years and is still advancing. After reforms were 

made, the tunneling rate of the mines dropped 13.6 percent, loss to coal 
columms was reduced by 37 percent, stoping efficiency improved 30 percent, and 
the cost dropped 6.6 percent. 


(3) The tumnels for concentration of rocks in the mining sections or horizontal 
tumnels in coal seams were reduced. When conditions were favorable, simultaneous 
mining of the top and bottom sections or top and bottom sub-layer faces was 
implemented. 


The arrangement of tunnels in the mining areas was gradually transformed 

from small-scale links to large-scale links in groups. This greatly reduced 
the amount of construction of tunnels for concentration of rock and the removal 
of rock up and down the pitch. For example, the Hegang, Kailuan, Huainan, and 
Pingdingshan Bureaus gradually implemented large-scale links in productive 
practice and realized better economic results. Also, when the Gaokeng Mine at 
Pingxiang used a linked arrangement to mine the Dacao and Magucao coal seams, 
it changed the original practice of setting up one tunnel for concent” ation 

f rock for each mining section to one tunnel for concentration of rock for 

two mining sections. This conserved the amount of construction for preparatory 
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tummels by 23.5 percent, and the cost per ton of coal was reduced by 0.654 
yuan. 


(4) Im coal seams with an angle of inclination less than 12°, concentrated 
production has been better realized in recent years as mechanization of coal 
mining developed. At present, the oblique longwall coal mining method has 
already been used on sore than 200 faces in more than 50 mines in 19 mining 
regions at present. In the new design cf large mines that have proper 
conditions, such as Yanzishan, Xiqu, Zhenchengdi, Daxing, Guishigon, and 
Xiaoging, the use of this method is suitable. Now, this method has developed 
from being used in singular and thin coal seams and medium-thick coal seams 
to thick coal seams and groups of coal seams. Different arrangements are 
used according to the concrete conditions of the coal seams. At some places, 
mining regions are zoned and at other places they are not. At some mines, 
only one side of the large tunnels is mined while at other places, both sides 
ais sined. At some places, single faces are mined and at other places, 
opposite sides of faces are mined simultaneously, and there are mines that 
advance along inclines and other mines that advance downward. 


(5) At mines of slow inclined coal seams, some of the coal below is mined 
while the upper drift is being mined. This can increase the height of the 
section, and extend the number of vears of service of the drift. And this 
berefits the normal substitution of the drifts and maintains stable production 
during the period of substitution. Some mines of the Huaibei and Pingdingshan 
mining areas have mined some down-slope coal according to plan while mining 
the upper drift. The Jixi Mining Bureau mined the 2 to 3 down-slope sections 
in the course of rebuilding the mines and deepening the mines and set the 
section height of the new drift at about 300 meters, more than that of the 
upper drift by 30 to 100 meters. The largest is that of the Mulling No. 7 
shaft which has reached 330 meters. This enabled the substitution of the 
drift to proceed smoothly, reduced the amount of engineering work, and 
realized concentrated production. 


(6) Face-to-face cutting, unidirectional cutting and layer cutting methods 
have been used to enlarge the length of the faces and simplify the tunnel 
system. For example, tne Zaozhuang Mining Bureau, which mainly mines slow 
inclined thin coal seams of nearby seams, used these methods and increased 
Output by 26 percent without basically changing the productive capability 

and the number of faces. For example, the 231 mining area of the Zhuzibu 
Mine frequently has 4 faces organized for iayer cutting. In 1979, the annual 
output of the maining area with extremely thin coal seams reached 300,000 tons. 


3}. Establishing a Perfect and Rational Production System 


A perfect and rational production system can fully develop the productive 
apabilities of the faces and each link. In recent vears, the main methods and 
experience can be summarized in the following: 


(1) The serialization of equipment for the mines and mining areas and matching 
the capabiiit nk are the material foundations for rational 
centrailiz 
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production. The major equipment for the faces include the coal 
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cutter, the conveyor and the props. Equipment suited to the conditions of the 
coal seams must be selected and used. For example, the two comprehensive 
faces at Datong produce 1 million tons annually. The supports selected for 
use are the prop protection type supports which suit the conditions of the 
floor and the ceiling. The coaling system in the mining areas should reduce 
as much as possible the number of conveyors joined together. The chute 

and the pitch must be equipped so that they have a greater productive capability 
than the faces. For example, the 2174 face of the Fangezhuang Mine used the 
EDW-300L coal cutter, the EKF3-74V conveyor, and protective props. A one- 
meter-wide conveyor belt was used both in horizontal tunnels and for upward 
pitches. The hourly capacity was 500 to 600 tons, satisfying a maximum daily 
rate of making 27 cuts of coal of the faces, a maximum daily output of 7,553 
tons of coal and a maximum monthly output reaching more than 170,000 tons. 


(2) We must guarantee inspection and repair of equipment at fixed intervals 
and we must have a necessary reserve. The higher the degree of mechanization 
of mining machinery, the greater the output, the more concentrated production 
becomes, and the requirement for reliability of the production system becomes 
higher. For this, we must inspect and repair coal cutting machinery, conveyors 
and hydraulic props at fixed interals and we must have a definite reserve of 
parts that are easily damaged or maintain reserve equipment. Coal bunkers of 
definite capacity must be set up at transfer points in the transportation 
system. We must replace old and out-dated equipment in time, overcome the 
weak links, and seek rationality in technology and reliability in production. 


(3) We should enlarge the tunnel section in mining areas and use contractible 
metallic arch supports. In recent years, the Kailuan, Yangquan, and Xuzhou 
mining areas have enlarged the tunnel section and used U-shaped contractible 
steel supports. These not only greatly reduced the maintenance and repair 
cost of tunnels, they also satisfied the requirements for loading and transport- 
ing large sized equipment and ventilation. In particular, these made it easy 
to realize mechanization of tunneling and to hasten tunneling speed, and it 
benefited the normal substitution of comprehensive faces. For example, the 
Kailuan Bureau has clearly stipulated that the section of the transport 

tunnel of comprehensive mining faces must be over 10 square meters. The 
maximum is 14 square meters. For example, the 622, 301 and 401 teams of the 
Kailuan Bureau used the coal tumneler. In October of this year, they 
respectively created new records in monthly single hole tunneling distances 

of 2,045 meters, 1,338.9 meters and 1,330.5 meters. 


4. Improving Mangement of Production Organization, Fully Utilizing Working 
Hours 


(1) Increasing the hours of operation of machinery and increasing the effective 
working hours are important measures to realize concentrated production in the 
faces. The actually measured data of the Kailuan Bureau showed that the hours 
of operation of machinery at different comprehensive mining faces ranged from 
19.4 to 59.6 percent. The difference was great. We should concretely analyze 
the influential factors to make improvements. 





(2) We should rationally select the form of operation and increase the hours 
of production shifts as much as possible. Comprehensive mining, high-grade 
general mining and face mining use the "“four-six" system. The actual number 

of effective working hours can reach 15 hours, an increase of 25 to 50 percent 
over that of the "three-eight" system. For example, the First Comprehensive 
Mining Team of the Linxi Mine implemented the "four-six" system and the monthly 
output was 14 percent higher than that of the faces mined by the "three-eight" 
System. The stoping work efficiency increased 58 percent, and the cost of 

the faces dropped 22 percent. 


(3) We should strengthen production preparations and reduce the effect of 
substitution of the faces upon production as much as possible. In general, 
the installation and preparatory time for general mining and blast mining is 
about half a month and about 1,000 man-days are used. Comprehensive mining 
frequently requires 1 to 2 months and 2,000 to 8,000 man-days. In order not 
to reduce output or in order to lessen the drop in output due to moving and 
inverting the face, many mines have established special preparatory teams in 
charge of winding up the work of the faces and installing and test mining new 
faces to increase the annual work days and the output of comprehensive mining 
teams. This correspondingly reduced the number of faces and concentrated 
production. 

5. Rational Concentration of Production Under the Prerequisite of Guaranteeing 
Safe Production in Special Conditions 


In certain special geological conditions at mines, we should suit measures to 
local circumstances to determine the technical standards for rational 
concentration of production, the corresponding productive capability and 
arrangement of tunnels. For example, at mines where coal and methane are 
outstanding, the mining and tunneling relationship is complex because of the 
requirement for mining the releasing strata and extracting and releasing the 
gas beforehand. The number of coal seams and the number of faces simultaneously 
mined in one mining area and the productive capability are limited by objective 
conditions. The long period of practice at the Zhongliangshan Coal Mine has 
summarized a method of "forming a complete set consisting of the three areas 
two of which are worked beforehand". This is the general summary of bringixg 
out the arrangement of mining and tunneling of mines and making the production 
characteristics fit the patterns at the mines. Concentration of production 
under such conditions can only be a relative concentration of mining the 
releasing strata and mining the strata being released. We can only hasten 

the mining of the releasing layer under the prerequisite of guaranteeing safe 
operation in mining and tunneling, then the released strata can be mined 
according to the ordinary principles of concentrated production. 


In addition, certain special geological conditions require suiting measures to 
local conditions by changing the arrangement of the tunnels. For example, the 
Xingan Mine of the Hegang Mining Bureau rationally organized the groups of 
coal seams many times. The first drift was divided into 6 groups, the second 
into 5 groups and the third into 4 groups. This effort gradually improved 

the degree of combination and concentration of the mining regions. 








III. Problems Presently Existing in Concentrated Production 


As the technical equipment and management level progress, and following the 

large amount of work done in concentrated production over many years, the 

degree of concentration of production at China's mines has continued to increase. 
But at present, the following problems still exist in concentrated production: 


(1) The unit output of the faces is low and the difference is great. Statistical 
data for 1981 showed that the average unit output of the faces of uniformly 
equipped coal mines was 10,900 tons. According to the statistics of 60 mining 
bureaus, the number of faces with an annual output less than 150,000 tons 
constitutes 69.6 percent. Those faces with an annual output of less than 
100,000 tons constitute 50 percent. There are two major reasons: One is that 
the stoping faces lack advanced mechanized equipment, and blast mining faces 
constitute 60 percent of the total number of faces. The second is that 
management the organization of production and the level of mechanization are 
mismatched, preventing existing faces with mechanized mining from developing 
their function fully. For example, the annual output of the faces of the mining 
bureaus with a higher standard of equipment and an annual output of over 
5,000,000 tons is still only 140,000 tons. 


(2) The productive capability of the mining regions has not been fully utilized. 
According to statistics of the nation's 61 mining bureaus, there are a total 

of 1,188 mining areas. Among them, 399 mining areas are joined together. 

There are 411 mining areas that use conveyor belt transporting machinery 

in the transportation system. They all have a greater productive capability 

in production links and technical equipment. But because management of the 
organization of production is not concentrated or because the eqipment of each 
link is not complete, the number of mining areas with a capability less than 
150,000 tons/year constitutes 48 percent (those with a capability less than 
300,000 tons/year constitute 81 percent), while those with a capability greater 
than 500,000 tons/year constitute only 6 percent. The average productive 
capability of the mining areas of the mining bureaus with an annual output of 
over 5 million tons is also only 230,000 tons/year. The average productive 
capability of simultaneous drifts is 510,000 tons/year. At some individual 
mines, there are even 4 to 7 drifts in simultaneous production. Some mines 
must simultaneously deepen two drifts to guarantee substitution, thus causing 
production to be scattered, the system becomes complex, and the amount of work 
to maintain the tunnels is large. 


(3) The percentage of large mines is small. The density of some mining fields 
is high. Because at the beginning period of the founding the nation, many 
mines developed the shallow parts, and at the same time because the technical 
level and equipment standards were low, large numbers of medium and small 

mines were constructed to meet the needs of national economic development 

at that time. Even after many years of development in production and technical 
improvement, the number of medium end small mine shafts of present uniformly 
equipped coal mines still constitutes 64.8 percent of the total number, and 
those shafts producing more than 1,500,000 tons/year constitutes only 6.26 
percent. In addition, the density of the fields of some mines is high. One 
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of the main reasons is that the strike of the field is short. According to 

a survey of 463 mines, 43.2 percent of them have a strike that is shorter than 
the designed standard. A second reason is the result of construction shafts 
in separate layers and in separate groups for mining. Thus the shafts have 

to be frequently deepened, production is scattered, and shafts are closely 
joined. 


(4) There is a lack of emphasis and appropriate arrangement of the various 
relationships between distribution and mining. The production at some mines 
is scattered because mining is not carried out according to the natural propor- 
tion of the reserves. Mines extract more from the more readily accessible 
reserves and less from the less accessible. They mine the thick seams more 
and the thin seams less or not at all. There is a lack of sufficient emphasis 
on and correct arrangement of the appropriate proportion of comprehensive 
mining, general mining, and blast mining. The exploitable reserves of thin 
coal seams of uniformly equipped mines constitute 20.85 percent, but in 

recent years the actual mining ratio has been only 11.3 percent. As a result, 
deepening of the lower drift has to be done earlier, and the amount of 
maintenance and repair of tunnels increases, causing the work front to become 
more scattered. 


(5S) The efficiency of the full work force is low. In recent years, development 
of the mechanization of the faces and of the concentration of production has 
been relatively fast. There are already 122 comprehensive mining faces. The 
average unit output has increased 28.2 percent from that in 1976. But because 
of various causes, the work efficiency in stoping increased only 8 percent, and 
the efficiency of the full work force is still low. 


IV. The Trend of Development of Rational Concentration of Production at Mines 


In the 1960s, emphasis in the concentration of production was placed on the 
implementaion of joint arrangement of large rock tunnels and mining areas. 

In the 1970s, emphasis was placed on "the four concentrations", improving the 
arrangement of development of mines and tunnels. During the "Fifth Five-Year 
Plan” period, over 200 mines that had a rich reserve and good technical 
conditions for mining underwent technical improvements, and the technical 
situation and the business results of some mines were improved. 


In the 1980s, the coal industry faces an even more difficult task. Technical 
improvement of mines at key points and step-by-step technical improvements 

are important tasks of the coal industry. For this, in the 1980s, the following 
work must be done well in realizing the rational concentration of production 

at mines. 


l. The Design of Mines Must Manifest Rational Concentration of Production 


Designing coal mines is an important prerequisite in the buildup of coal 
production. Its quality determines to a great extent the technical situation 
and the economic results of the enterprises. In recent years, the design 
departments have implemented some rather effective measures in the rational 
concentration of production at mines: 
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(1) The arrangement of the opening of mines was improved. The dimensions were 
rationally enlarged. When designing mines where conditions are suitable, we 
should first develop the mines using horizontal caverns or oblique shafts and 
we should consider establishing mining areas upward and downward simultaneously. 
Coal seams with an angle of inclination less than 12° should be mined using 
the oblique longwall method. Initial mining areas should be established 

near industrial sites as much as possible and rational positions for 
ventilation shafts must be selected. For example, the 3 mining areas of the 
Nandun Mine in Yanzhou are established near industrial sites. Mining zones 
were simultaneously established upward and downward, and the upper and lower 
sub-layers were mined simultaneously. The mine reached its design capacity 
4 years after production began. Also, designs must consider enlarging the 
coal field and the dimension of mining areas. The length of the strike of 
large shafts is mostly about 10 kilometers. In general mining, the strike of 
the mining area is 1,200 to 1,400 meters and the width of the slant is 800 to 
1,000 meters. In comprehensive mining the length of the strike is 1,400 to 
2,000 meters and the width of the slant is 800 to 1,200 meters. 


(2) We should improve the design capacity of faces, mining areas and shafts. 
The new mining shafts recently designed in China are mostly to develop deep 
coal fields or where geological conditions are complex and where the over- 
burden is thick. The amount of construction will be large, and the construc- 
tion period will be long. Therefore, the amount of construction can only be 
correspondingly reduced by enlarging the area of the field and the type of 
shafts, and by realizing concentrated production. As designed capabilities 
for faces, mining areas and shafts improve, future designs must improve the 
level of mechanized equipment as much as possible, and in new shafts, 
comprehensive mining, general mining, and blast mining will coexist for a 
relatively long time. 


(3) We should improve the arrangement of the work site, simplify surface 
production links and auxiliary facilities. This is important in concentrated 
production. Arrangement of industrial sites should be compact, and adjoining 
buildings and tall buildings should be built. Mining regions and neighboring 
mines with good conditions can jointly establish bases for concentrated 
auxiliary production and living facilities. 


(4) We should conduct feasibility studies before constructing mines. Whether 
in building new shafts in new regions or old ones, to be realistic we must 
finish overall plans and designs and conduct feasibi.ity studies well before- 
hand according to different natural conditions and the capability of technical 
equipment. We should fully carry out technical and economic proof, forecast 
economic results, select the best construction plan, and develop and realize 
rational concentration of production of mines according to plan and goals. 


2. Technical Improvement of Mines Must Realize Rational Concentration of 
Production 


Although technical improvement of mines and concentrated production are two 
different concepts, a mutually supplementary relationship exists. The 
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fundamental way to technically improve mines is to realize concentrated 
production. Therefore, concentration of production has been an important 
technical policy to build new mining shafts and to rebuild old mining shafts 
in our nation and abroad. According to the experience of many years, the 
main direction in technical improvement of our nations" mines at present are 
as follows: 


(1) We should develop mechanized mining, tunneling and transport in a big way. 
This is the central technological process in production at coal mines. The 
degree of mechanization of coal mining at uniformly equipped mines at present 
is less than 40 percent. The three links of mining, tunneling and transporta- 
tion frequently are mismatched. Therefore, we must actively develop high-grade 
general mining, steadily develop comprehensive mining, exert efforts to 
develop mechanization for thin coal seams so that the degree of mechanization 
of coal mining can be improved by a relatively large scale. At the same time, 
we must use existing equipment well. In tunneling, we must mainly develop 
complete equipment for tunneling rock tunnels, gradually develop tunnelers for 
coal tunnels and semi-coal rock tunnels, popularize metallic contractable 
supports. In underground conveyance, we must take the improvement of continuous 
production as the core. Mining areas with a large capability should develop 
the use of conveyor belts. Inclined shafts with good conditions should use 
conveyor belts to replace linked carts and skips. Large horizontal tunnels 
with suitable conditions should use bottom hopper cars or long-distance strong 
belt conveyors. In general, we must match the capabilities of the links of 
mining, tunneling and conveyance, and we must match auxiliary links. 


(2) We should gradually renovate old, out-dated and mixed equipment. At 
present, uniformly equipped mines have a total of over 100,000 units of 
machinery. A large number of them are old and out-dated and mixed equipment 
that have a low efficiency, that consume a lot of energy, and that are 
technically backward. And without a concept of the economic life of equipment 
in equipment management, energy hes been wasted and technical progress has 
been hindered. If we rebuild the more than 1,000 4-62, CTA -57 centrifugal, 


and 708, axial flow ventilators currently in use, we can conserve about 140 
million kilowatt-hours of electricity each year. The cost to rebuild one 70B 
ventilator can be recovered in 1.5 years. In the future, we should progressively 
upgrade then. 


(3) We should improve conditions for safe production. We must fundamentally 
improve safety conditions through technical improvement. The key is the "five 
preventions and the two improvements” (i.e., prevent gas, prevent dust, prevent 
and control water, prevent and extinguish fires, prevent explosion of 
equipment; improve the ventilation system, improve means of rescue). At the 
same time, we must study and solve the problems of ground temperature, pressure, 
emergence of gas from coal rocks and effective ventilation methods in deep 
mining to provide a firm and reliable technical foundation for rational 
concentration of mine production. 


(4) We must continue to readjust and improve the arrangement of mines and 
their internal structure. This is a strategic problem in the technical 
improvement of mines. In the future, we should continue to use various measures 
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that have been proven effective, readjust and improve zoning fields of existing 
coal mines, readjust and improve the relationship between deep and shallow 
mining, and readjust and improve the internal structure of mining shafts by 
differentiating between different situations so that more mining shafts can 

be rationally arranged, production can be concentrated, and capabilities 

can be improved to improve business results. 


(5) We must technically improve accessory projects for mining regions. 
Washing and screening of coal are important components in coal production and 
should be combined with coal mining. At the same time, necessary supplements 
and improvements must be carry out to supplement and improve projects that do 
not match the mining regions or facilities that do not suit the development of 
production so that power supply, water supply, railroad transport, communica- 
tions, highways and living facilities for coal mines can create conditions to 
develop the comprehensive productive capabilities of mining regions. 


In general, technical improvement of mines is a task that is broad, complex and 
detailed. We must start out from the actual situation, conduct in-depth 
surveys and studies, draw up general improvement plans for the mining regions, 
determine the direction and content of improvement of each mine, and carry the 
plans out. 


V. Evaluating the Indices of Rational Concentration of Production 


Do we need to establish indices and what indices should be used to evaluate the 
degree of concentration of production at mines are questions of general concern 
at the discussions. 


An almost unanimous opinion during the discussion is that there should be a 
group of indices to evaluate the degree of concentration of production at mines 
so that each mine has clear goals to realize and so that different mines can be 
compared. The indices for rational concentration of production should reflect 
several major factors that affect the rational concentration of production at 
the mines on an overall basis. They should not only reflect the output factor, 
they must also place that which will help promote the mines to take correct 

and rational measures of concentration and that which wili at the end benefit 
the improvement of economic results of the mines at important positions. When 
establishing or stipulating the indices for concentration we should take into 
consideration the multiplicity of geological conditions of coal seams in our 
nation, the difference in the size of the shafts, an. the different degrees of 
mechanization. In addition, the geological conditions of the mines and the 
differences in production and in technical equipment should all be correctly 
reflected and manifested so that the indices can serve to measure the degree 

of concentration. This measuring index not only must have a strong comparability, 
it gust also be simple and practical. The opinions and suggestions presented 
in this discussion can be summarized into the follow three aspects: 


l. Using a Group of Indices 


(1) The use of a group of existing indices includes the use of: 1) unit out- 
put of active face; 2) tunneling footage of 10,000-ton output tunnels; 








3) maintenance rate of 10,000-ton output tunnels; 4) stoping rate of mining 
area; 5) cost of raw coal; and 6) efficiency of workers working underground. 


(2) The output of the productive face, the number of tunnels and the tunneling 
footage are linked together to reflect the degree of concentration of production 
in the face and the mining area. The following indices can be used: 
l. Expressing the spatial concentration indix A; of the active face 


Total amount of construction for tunneling of face (meter) 


A on — oo 








Exploitable reserve of face (1,000 tons) 


— unit output of face (1,000 tons of month) 
2. Expressing the degree of concentration of the face over time is the distance 
S of cutting of coal per day = the number of hours of daily productive shifts 
of the active face x hours of operation of machinery x average speed of opera- 
tion of coal cutting machinery while cutting coal. 


(3) The use of a group of indices that can reflect the concentration in time 

and space and a definite economic result includes the use of: 1) the productive 
capability of the active face (ton/month) or stoping area (square meter/month) 

in unit time; 2) the number of active faces with daily output of 1,000 tons; 

3) the productive capability (10,000 tons/year) of mining region; 4) the 

ratio between the total length of the stoping face at end of term and total 
length of underground tunnel; 5) the productive capability of a mine (10,000 
tons/year); and 6) coefficient K of the degree cf total spatial concentration 

of a mine, K equals the ratio (ton/meter) between the actual annual output 

of the mine and total length of the tunnel at year's end. 


(4) Index of concentration in unit time proposed on the basis of the active 
face, the mining region and the drift: 


l. The index of concentration of the active face = output of active face/ 
average length of active face; 


2. Index of concentration of mining area = average length of active face/ 
length of major conveyance tunnel in the mining area; 


3. Index of concentration of horizon = output of mine/length of major tunnels 
in the drift. 


(5) The following group of indices have been proposed for use in the design 

of mines, including: 1) the designed capability of the mining region and the 
active face; 2) the amount of construction of tunnels and shafts with capacity 
of 10,000 tons; 3) the designed capability realized per meter of active face; 
and 4) length of stoping face realized per meter of shaft and tunnel. 
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2. Using a Single Index 


Some comrades pointed out in the discussion that although the use of a group 
of indices to measure the degree of concentration of production is overall, 
but it is less convenient for comparison than one single index. In particular, 
when there are high indices and low indices in a group of indices mixed 
together, they can only be used by the bureau or the mines themselves for 
comparison with previous indices. Different mines cannot be compared. To 
facilitate the examination and comparison of the concentration of production 
of mines, it is best to have a comprehensive index that can generalize the 
various major factors. The opinion suggested for this is as follows: 


(1) Because concentration of production is closely related to economic results, 
concentration should be reflected in the economic results, therefore it is 
suggested that the efficiency of the full work force or the cost should be the 
uniform index for the concentration of production. 


(2) It was believed that the whole nation should have a uniform index and 
data to measure the degree of concentration of production. The method of 
establishing this index is to divide mines into large and small ones according 
to the types of shafts, then the different indices of different mines should 
be graded by points. For example, the output of the active faces, the number 
of simultaneously mined active faces, the number of mining areas and the 
number of mining areas simultaneously mined, the total length of tunnels at 
year's end, the tunneling footage of 10,000-ton capacity tunnels can be graded 
separately, and then they can be added up and the sum can be used as the index. 
At the same time, to differentiate between different conditions, an “equivalent 
coefficient” for the index of unit output of active faces that eliminates the 
various objective factors (thickness of the coal seam, angle of inclination, 
tectonics, properties of wall rock, dripping of water, methane, and machinery 
and equipment) can be established. 


(3) It was suggested that the degree of concentration of mining, tunneling and 
production be used, i.e., K = LOOOON/A (N is the number of coal mining faces, 

A is the average daily output of the mine). The smaller the value of K the 
higher the degree of concentration. For example, if we calculate with the 
statistical figures for 1979, the values of K are: 1.89 for Kailuan, 2.15 for 
Datong, 2.2 for Fengfeng, 1.55 for Yangquan, 1.56 for Pingdingshan, 1.77 for 
Xuzhou, 2.0 for Huaibei, 3.17 for Jixi, 2.3 for Hegang, 2.62 for fuxin, and 
2.19 for Fushun. 





(4) It was suggested that a comprehensive scalar index 
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for the degree of concentration be calculated on the basis of the ratio 
between the active faces, mining areas, output of the mine (A ) and the 
corresponding productive capability of the coal seam and the tapability A, ) 








of major equipment. The close this index approaches 1 the higher the degree 
of concentration of production at the mine. 


3. Utilizing Available Indices Rather Than Establishing new ones. 


Some comrades participating in the discussion believed that becausse there were 
already many available statistical indices and various tables, the amount of 
statistical work at the basic levels will necessarily increase if some additional 
indices for concentration are established, and in the statistical reports 
currently available, some indices can concurrently serve as indices for the 
concentration of production. Some data can be used as certain indices of 
concentration described above after simple computation and transformation. 


In general, there are still different views concerning the various types of 
indices for concentration proposed during the discussion. These still have 
to be further studied and discussed in the future. But everyone unanimously 
believed that the index to measure the rational concentration of production 
at mines should be simple and clear and more direct so that people can under- 
stand and use it easily. 


Mines are multiple-system projects that are dynamic in time and space. As 

the mining and tunneling locations become farther away and deepen, as the 
distance for conveyance and lifting increases, as ventilation and power supply 
networks lengthen, the amount of maintenance of tunnels and shafts increases, 
the ground pressure becomes high, there is more surging water, the amount 

of gas becomes large, the earth's temperature becomes high and as such threats 
emerge, the technical conditions for mining gradually worsens, the production 
system becomes more complex, and deepening work becomes more frequent. There- 
fore, continuously carrying out technical improvement of mines is the pattern 
of development of production at coal mines. 


The l2th Party Congress has presented a glorious and difficult task for the 
coal industry. By the end of this century, coal output must double. This 
requires increasing output within the next 18 years. We must catch up with the 
output reached over the past more than 30 years. First, we must expand the 
scale of construction, hasten the development of coal, shorten the construction 
period, fully develop the results of investment. At the same time and more 
ieportantly, we must pay attention to fully developing the function of 
available mines, implement the rational concentration of production at mines as 
an igportant technical policy, and technically improve the mines well. 


In the future, we must start out from the actual situation of our nation's 
economy, technology and mines, summarize the experience of technical 
improvement of mines and of efforts in rational concentration of production 
since the founding of the nation and especially since the "Fifth Five-Year 
Plan”. At the same time, we must learn from the successful methods of foreign 
nations, realize rational concentration of production so that the distribution 
of mines is rational, production is concentrated, the system is simplified and 
highly mechanized, and thus, we can effectively improve the economic results 
of the mines and continually increase coal output to satisfy the ever 
increasing need for energy by the national economy. 
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BRIEFS 


HUNAN MINE DEVELOPMENT--Changsha, 9 Jun (XINHUA)--Central China's Hunan Province 
now has 1,530 small coal mines run by people's communes and production brigades 
turning out more than 9 million tons of coal a year, of 1/3 the province's 
total, according to the provincial bureau of commune and brigade enterprises. 
The small coal mines, with annual capacities ranging from several hundred tons 
to 100,000 tons, produce anthracite, bituminous coal and coking coal. Deposits 
in Hunan are widely distributed with thin layers in complicated structures, most 
suitable only for small scale mining. The provincial people's government has 
appropriated 17 million yuan for updating the small mines, by adding ventilators 
and small machines to replace outdated tools and ensuring safe production. The 
number of small coal mines grew by more than 130 and coal output increased by 
1.1 million tons compared with 1980. The small coal mines have provided jobs 
for more than 90,000 peasants in the province. One-third of the coal produced 
by the small mines is used to develop small rural enterprises and by local people 
as full, the rest is purchased by the state. The burgeoning industrial city of 
Lengshuijiang, central Hunan, had 69 small coal mines and produced 900,000 tons 
of coal in 1982, compared with 45 mines with an output of 450,000 tons in 1976. 
As a result, the city’s industries have expanded and output value has nearly 
quadrupled since 1976. [Excerpts] [0W161253 Beijing XINHUA in English 0911 

MT 9 Jun 83] 
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L AND GAS 


VELOPMENT OF CENTRAL PLAINS OIL FIELDS SPEEDED UP 
Lliing GONGREN RIBAO in \inese, £5 Apr 53 p |] 
rticle: “China's workers Set Advanced Example of Creating a New Situation 
r the Four Modernizations; Progress in Accelerating the Development of the 
navuan Oil Field Is in Full Swing”] 
ext} Several hundred ¢t sand oil workers struggled for 
5 years to find five oil and gas fields. Four of which are 
eind developed. There are gas and oil here, and they are 
ncentrated. This region will become the first natural gas 
Lt if eastern hina. 
port by reporter Peng Qivan [1756 9796 3508]: In China’s central plains, 
e development a nstruction of largé il fields--the Zhongyuan Oi! 
é s--are being accelerated. Several hundred thousand oil workers and 
encifi ind technical workers have struggled here for 5 years and have 
1 gas f is. They discovered / oil and gas containing struc- 
res, and they ive seen oil and gas layers and oil and gas indications in 
structures. At present, development of four oil fields has begun. A 
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IL AND GAS 


SEISMIC EXPLORATION PLAYING GREATER ROLE IN OIL CEOPHYSICAL PROSPECTING 


— —_— a: nue cen - scent ss aacipmemueaetl a | 
Baoding SHIYOU DIQIUWULI KANTAN /OIL GEOPHYSICAL PROSPECTING/ in inese N i, 


reo Oo r? _ 


Article by Lin Yungen /2651 6663 2704/: “The Direction of Developmen f Oil 


, a - eo 7 
eophysical Prospecting Technology 


Text This article briefly describes prospecting in China's 
eastern region, western region, the Sichuan Basin, and the 
continental shelf. It proposes 10 tasks that should be 
developed in the next few vears in China aimed at the actual 
problems existing in the course of seismological prospecting 
in these regions and in consideration of the trend of 
development in present geophysical prospecting. 


At present petroleum prospecting in China has entered a new stage. To maintain 
the present annual output of 100 million tons of crude oil and to strive to 
realize new and greater development as quickly as possible, we are faced with 
very difficult prospecting tasks. The technical development of geophysical 


rospecting must adapt to the urgent needs of this task. 


hina’s eastern region is still the main region for increasing reserves in the 


near tern. Ihis is a proven region for prospecting. Yur main task is to great] 
improve the precision of seismological methods, find various tvpes of complex 
and idder il and gas deposits, and at the same time, develop the prospecting 

f new basins, new strata and series, and new types of oil deposits. In the 

ld regions that have been prospected for several dozen years, we have continue: 
t jiscover new ofl and gas fields. Such examples are not rare in the world. 

r example, in the (Midland) Basin of the Permian >ystem in the United States, 


miv a few oil fields were discovered in the 1950's. But now, hundreds, even 
thousands of oil fields have been discovered and annual output has reached 7/75 


smilifion tons. The reason was that prospecting workers continued to seek mple» 
and hidden oll deposits, advanced towards the deer lavers, and continued ¢t 
imorove seismological technology. Compared to this basin, the extent f 
rospecting in China's eastern region is still verv low, therefore we should 
ive nfidence, mtinue ¢ jevelop new technology, improve the standard of 
rospecting, and mpiete this important task. 
Soroving tr recisi t rospecting i not aapt tals r seismoilos 
ae ft is, we eec ft reat improve the signai-to-n e ratio f rimar ita, 
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and research work has realized great achievements. For example: (1) Ona 
foundation of seismic stratigraphy, the Shengli Oil Field used reverse fold, 
synthetic sound wave velocity for ground sections tests, and three types of 
instantaneous sectional data to discover more than 10 sandstone lens and 
nonconformity traps, including the leaf-shaped sandstone body of the third 
section of Niuzhuangsha, the ancient river channel of Liangjialou, the Wang 50 
well, etc. High-yield oil wells have been created after drilling. (2) Twenty-one 
bright spots and even spots and seven tar sand structures were found in the 
Liuquan region in central Hebei by using bright spots to prospect the sections, 
three types of instantaneous displays and hydrocarbon detection. (3) Explanation 
of underground fans and such lithological traps of 60 square kilometers on the 
specially treated section in the Qibei Depression of the Dagang Oil Field 
resulted in the discovery of a high-yield oil and ,as well from the first 
prospecting well. (4) The Sichuan region utilized v~" «= types of seismological 
information, parameters and special treatment secti. .4 mathematical 
analysis to make comprehensive judgments and to forecasi _ae zone of developed 
crevices of gas-containing layers ot the Yangxin Series of t:-he Permian System 

in southern Sichuan. This boosted the success rate of prospecting wells from 

50 percent to 75 percent. (5) Three-dimensional seismic prospecting found a 
small structure cf only 0.34 square kilometers in area in the Jianghan 30il 

Field. In central Hebei, it determined that there were three high points north 
and south of the central fault in the tectonic diagram of the original Shahejie 
Group and buried mountains became more distinguishable. (6) The Yumen Oil Field 
used controllable seismic sources manufactured domestically and abroad and 
obtained data on the deep layers that could not be obtained originally. 

These have played an important role in China's petroleum prospecting and 
development. But, in light of the above mentioned tasks we face, and compared to 
the world's advanced levels, there is still a large gap and we must exert 

further efforts. 


What is the world's advanced level? How should we catch up? I will talk only 
about some general views. 


believe the 4 to 5 vears from the end of the 1970's to the beginning of the 
1980's were years of great development in petroleum and geophysical prospecting 
in the world. In the West alone, the total number of seismological teams and 
seismological ships approached nearly 1,000 at the beginning of the 1980's. 
The total amount of information gathered far surpassed any period in history. 
As electronics, communications, machinery, information processing, and geological 
rv rapidly develop, the technology of geophysical prospecting has also 
entered a more mature stage. 





in gathering seismic field data, multiplex devices (over 1,000 channels) are 
being used more widely, therefore, three-dimensional seismic prospecting and 
nigh-precision, two-dimensional sections of a high number of coverages are 
nstituting a larger proportion in actual prospecting. In many regions, three- 

dimensional seismic prospecting has become a routine operation that must be 

done before developing oil fields. The construction area for three-dimensional 
seismic prospecting i. ssually over 100 square kilometers. Many geotectonic 
questions that could not be understood clearly in the past have been answered 
clearly after three-dimensional seismic prospecting was implemented. At the 
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same time, there are more types of seismic sources. The efficiency is higher 
now. The scanning *requency of controllable seismic sources on land now ranges 
from 5 cycles to over 200 cycles, thus the resolution of seismic prospecting 

is even higher. Vertical seismic prospecting of the sections and horizontal 
wave prospecting techniques have already been used in actual prospecting. 


In the processing of seismic data, one of the most important developments is 

that these techniques will be based on the wave motion equation, and displacement 
before folding and after folding will be performed using the method of solving 
wave motion equations to suppress multiple waves to make stationary corrections, 
to conduct velocity analysis, to conduct various types of forward and backward 
evolution problems; development of special processing and detailed processing 
will allow the processing of seismic data to be built on a more precise theoret- 
ical foundation, and results will be of even higher quality. 


In interpreting seismic data, the explanation of seismic geostratigraphy has 
gradually matured, forming three branches: One is "microstratigraphy", i.e., 
the analysis of the mode of sedimentation in a region or a basin, and explains 
the geological environment during the time of sedimentation. The second is 
“qualitative stratigraphy", which emphasizes the analysis of various specific 
characteristics of the rock unit to determine the lithology, the porosity, the 
tectonic position, and the planar distribution. The third is "quantitative 
geostratigraphy", which is the mapping of abnormal distribution of each 
lithofacies belt to determine its porosity, the oil (gas) and water or oil and 
gas boundary, and the type of fluids in the pores. 


Other geophysical methods have also progressed visibly. The most important 
development in gravity and magnetism measurements has been the use of the 
inertia positioning system in field measurements. In this way, a helicopter 

can be used to lift the gravity meter, the magnetometer and the inertial 
positioning instrument to some regions with very unfavorable topographic 
conditions. Many regions that were considered unreachable in the past have now 
been prospected. Another development in the gravity field is the gravimeter 

for wells. Its precision can reach 7 microgal, therefore, well bottom gravity 
measurements will become a rcutine method of well logging. Its scope of probing 
{t ehe greatest among all means of well logging. 


Compared to the world's advanced levels, everyone knows that we lag far behind. 
In research work, my personal opinion is that now we are small at both ends and 
large in the middle (this is relatively speaking, the zeneral view indicates 
that all aspects are insufficient). This means in the method of processing, 
our research strength has increased a lot and many good achievements have been 
made, such as the various methods of displacement, the extraction of subsidiary 
waves, the processing of subsidiary waves, the drawing of the wave impedance 
‘urves, the use of amplitude, etc. But the strength of the methods of seismic 
source, instruments and field work in performing the work that needs to be done 
in improving precision, signal and noise ratio and resolution is weak. 


In interpretation, we even lag further behind. On the one hand, our interpreta- 
tion workers lack necessary tools such as computer terminals. Interpretation 2 
and computer processing are not linked, therefore interpretation workers spend 
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a lot of time on drawing and compiling data and such tedious work. On the 
other hand, the data given to the interpretation workers and the ability of 
interpretation workers to analyze and study the data are all limited. Even 
though we have had a good beginning in the interpretation of the data on the 
South China Sea, it is still a very difficult task to enable all of our inter- 
pretation work to reach a modern standard. 


In view of the demands made by the petroleum prospecting task upon geophysical 
prospecting work, I believe that within the next several years we must concen- 
trate on scientific research of 10 key projects and try to quickly catch up 


with the world's advanced levels in these projects. 


1. We should trial manufacture and batch produce multiplex digital seismographs, 
numerically controlled seismographs, controllable seismic sources, large power 
hydraulic drills and such new models and series of seismic equipment to quickly 
realize digitization of our seismic teams and use strong seismic sources and 
cross-country type transport equipment. 


2. We should begin by improving the results of prospecting aimed at different 
rrospecting regions and subjects, conduct theoretical and practical research 
in the methods of gathering field data, processing, interpretation and compre- 
hensive research (such as small structures, small fault-blocks, small buried 
mountains, complex fault-block groups. non-tectonic hidden traps, reverse 
covered large rift overlapped bodies). We should strengthen the study of the 
prospecting method for China's eastern ocean beaches, the western Gobi, large 
deserts, the tall mountain and dense forest regions in the south and ground 
surface regions with Limestone outcroppings. 


3}. We should improve the standard of routine processing of seismic data. 
Besides using available model blocks well, we must reform and add a group of 

new model blocks to solve the urgent need in prospecting in our nation and 
improve the quality of the results. For example, we should study more effective 
ways to eliminate multiple waves, methods of automatic stationary correction, 
velocity analysis and methods of subsidiary wave processing, gradually make 
sound a whole set of systematically complete and effective software programs 

for processing our seismic data. 

4. We must develop studies in three-dimensional seismic field data gathering, 
lata processing, display of results and methods of interpretation. 


We must develop studies in vertical seismic seccions, high resolution 
orospecting and horizontal wave seismological prospecting methods. 


5. We must develop studies to find the full solution and the inverse solution 

f wave motion equations in different media as a long-range method in studving 
the subject. 

arize seismic stratigraphy, develop the study of evaluating 

earthquakes, i.e., utilizing wave impedance sections, synthetic seismic records, 
ques and various types of special means of processing. We must 
ithology, porosity and nature of fluids and forecast oil genesis 
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We must popu 
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characteristics to provide abundant data for the evaluation of 
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resources. 





We must continue to study the method of field work using gravity, magnetism 
iug. 


8. 
and electricity and the method of digital data processiu 
We must continue to study seismic methods to overcome difficulties in the 


e 

study of precipitous structures in Sichuan and the method of using seismic 

information to make early forecasts of natural gas reserves. 

10. Marine geophysical prospecting must utilize advanced seismic technology and 
test manufacture advanced seismic equipment on an overall basis (including 

tioning, navigation, instrumentation, electrical cables, air guns and 

aling methods), and improve the quality of data collection and work 
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OLL AND GAS 


PROSPECTS FOR CHINA'S NATURAL GAS INDUSTRY 


Beijing SHIYOU KANTAN YU KAIFA [PETROLEUM EXPLORATION AND DEVELOPMENT) in 
Chinese No 6, 1982 pp 1-8 


[Article by Weng Wenbo {5040 2429 3134 of the Scientific Research Institute 
of Petroleum Exploration and Development, Beijing}: "The Prospect of China's 
Natural Gas Industry--A Talk at the Natural Gas Conference") 


{Excerpts} Since the founding of the nation, China's natural 

gas output has increased by more than 2,000 times. Development 
has been rapid, and achievements have been great. But serious 
problems have also surfaced: 1) the rati> between oil and gas 
energy is imbalanced; and 2) output in the near-term is unstable. 


China's natural gas resources are enormous, allowing us to use 
systems engineering programs to conduct supplementary and de- 
tailed surveys to prepare for the development of some gas fields 
and condensate gas fields so that some large cities nearby can 
use high grade fuel early. This not only reduces urban pollution, 
the petroleum now used as fuel can be used in a better way. The 
present situation also forces us to reorganize old records and 
data, conduct well logging and electrical tests of old wells, 
and inspecting gas layers that were overlooked. At the same 
time, we must also estimate the prospects of China's natural 
gas, make a more accurate evaluation, draw up an overall plan 
for prospecting and developing of natural gas again, strengthen 
general surveys, and conduct detailed surveys and exploratory 
drilling for natural gas at key places. 


[. Gaining a New Understanding of Natural Gas 


According to statistics [1], the reserves of petroleum and natural gas in the 
world are of the same magnitude, approximately 1:1. From many new estimates 
we suspect that the old view of the 1:1 ration between oil and gas may have 
underestimated the amount of natural gas. This is because past estimates of 
the reserves were more or less limited to regular natural gas fields, i.e., 
gas fields that were geologically similar to oil fields. The recent trend 

is that the position of irregular natural gas fields is becoming more im- 
portant, but these reserves have not been determined. 
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Another ratio of important significance is the ratio between land reserves 
and ocean reserves. Certain data [2] indicate that the ratio between oil 
reserves on land and in the ocean is about .042:1. This means that the 
reserves of oil in the ocean are twice those on land. But the ratio between 
the reserves of natural gas on land and in the ocean is 2.61:1. This means 
there is a lot more natural gas on land than in the ocean. We do not believe 
these ratios are reliable, but they are sufficient to show that when oil 
fields on land become more difficult to find, the prospect of natural gas on 
land has not yet been fully recognized. This is because the investment in 
prospecting on land is far less than that in the ocean. 


In retrospect, the United States was producing over 100 million tons of oil 

a year in 1923 and at the time “he ratio between the output of oil and gas 
was 3.5:l1. In 1958, the annual output of oil in the Soviet Union surpassed 
100 million tons, and the ratio between the output of oil and gas was 3.6:1. 
These two ratios show one common point, that is, during the early period of 
development of oil and gas, the utilization of oil was greater than natural 
gas. The main reason was that storage and transportation of petroleum were 
more convenient than natural gas. For example, oil storage tanks were easier 
to build than gas storage tanks. Petroleum could be transported by existing 
highways, railways, and maritime shipping, and its requirement for special 
equipment were low. Natural gas relies mainly on pipelines for transport, it 
requires specialized equipment (here, we should point out that after a gas 
pipeline has been built, the advantages of natural gas become comparable to 
those of petroleum and it is more convenient to transport by rail than solid 
Therefore, China is no exception. When China's annual output of 
petroleum reaches 100 million tons, the ratio between the output of petroleum 
and natural gas would show a higher ratio tor petroleum than natural gas. But 
the problem is that in this ratio, the proportion of petroleum is too high. 


. 
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Let us look at the history of development of the oil and gas industries in the 
nited States and the Soviet Union. In 1968, the annual output of oil in the 
United States reached 500 miilion tons and the ratio between oil and gas was 
about 0.96:1. In 1976, the output of petroleum in the Soviet Union surpassed 
900 million tons, and the ratio between oil and gas was about 1.47:1l. It can 
foreseen that a relative balance between oil and gas output in China can 
be realized. what should we do after this balance has been reached? After 
1974, petroleum production in the United States began to drop to below 500 
million tons annualiy, but the production of natural gas remained above the 
level equivalent to 500 million tons of petroleum. This shows that natural 
gas is the first runner-up, following petroleum but coming before oil shale. 


f 


Industrially advancec nations have not reached the ideal state in the utili- 
zation of natural gas. In generally, they are still relying mainly on gas to 
generate electricity, gas for industrial use and gas for commercial and 
civilian use. This is of course better than using natural gas an an indus- 
tuel and burning it off directly. Some of the associated gas of our 
natural gas is used as gas for industrial use, but the proportion used for 


generating electricity and for commercial (4"c¢ civilian use is smaller. 
According to the iarge estimate of the reserve of natural gas in China, the 
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goal of using natural gas as a substitute for petroleum as a fuel. First we 
should prospect for natural gas in regions near energy consuming centers. 
Condensate gas fields can better develop their role in this aspect. 

[I. The Theory of Oil and Gas Genesis 

ne of the main questions in the genesis of petroleum and natural gas in China 
is the debate between marine facies genes and continental facies zenesis. 
Domestically, the viewpoint of continental facies genesis of oil and gas is 
dominent. n foreign nations, the viewpoint of marine facies genesis of oil 
and gas has been dominant t[o~ many years. Recently, the viewpoint of coal 
generated gas has been proposed in practice, giving poeple the impression 

that continental facies or littoral facies deposits represented by coal series 
can generate large amounts of coal-ftormed dry gas consisting mainly of methane. 
Marine facies generates large amounts of oil and continental facies generates 
large amounts of gas. Al*hough this viewpoint can stimulate our determination 
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where At is tree energy in "ki 1lories/mole”. > il entropy in “calories 
degree.mole”. Ihis shows that al Living reanisms, wnethner of terrestriai 
origin or marine origin, consist of protoplasm and can all undergo d-carboxy- 
sation Ct rorm nycrocaroons. Therefore, sapropel not containing xylem 
residues and mixed and humus type dé Sits containing xyiem resicues all have 
associated protoplasm and can all generate hydrocarbons. On the other hand, 
many tCerrestriai life forms must possess xyiem@ consisting I polysaccharides 
to support their body and wax to prevent excessive loss of moisture through 
evaporation. Some also utilize smell-sensitive agents to transmit information 
air or for detense. Therefore, the possession of mainly polysaccharides 

and wax and a small amount of smell-sensitive substances is characteristic of 
terrestrial living organisms. Wax is a stabie derivative of hydrocarbons. 
The fact that China's petroleum contains more wax shows its relationship with 
terrestrial life. Terpilene (C, H, ) is aiso a Characteristic component of 
terrestrial plants and it has béen found in China's petroleum. Polysaccha- 
rices which constitute the major portion, such as xylem, can also undergo 
decarboxylation to form hydrocarbons and can also undergo dehydration to form 
cal. Taking monosaccharide cane sugar as a representative, under definite 
temperature and pressure, the reaction ot dehydration of xylem to become coal 
let us temporarily use "C' to represent polycyclic aromatic hydrocarbons) is: 
1 ( 1. (solid) —» C (solid) + 11 H, O (liquid) 
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NUCLEAR POWER 


DESIGN FEATURES OF CHINA'S 300MW NUCLFAR POWER STATION DETAILED 


Beijing HE KEXUE YU GONGCHENG [CHINESE JOURNAL OF NUCLEAR SCIENCE AND ENGINEER~ 
ING] in Chinese, No 1, Mar 83 pp 1-10 


[Article by OUYANG YU [2962 7122 0056] of the 728 Research and Design Institute: 


"Main ee Features in the Design of China's 300MW(e) PWR Nuclear Power 
Station” 


[Text] Abstract 


The author briefly describes the design features of the 
300MW(e) PWR nuclear Dp station to be constructed in 
China. The reactor nas a water-uranium volume ratio 
(VE0/Vyo ) nf 2.065%. The UO, fuel inventory in the whole 
reactor core is 40.744 metric tons and the first corg .. 
consists of fuels of three different enrichments of U, 
namely 2.4 percent, 2.672 percent and 3 percent. The 3 
Percent enriched fuel will be used for balanced refueling. 
the pressure of the reactor coolant is 155 kg/cm’, the 
average temperature is 302°C, and the flow rate is 24,000 
metric tons per hour. Both cluster type control rods and 

a boric [acid] solution are used to control reactivity. 

The primary circuit of the reactor is composed of two loops 
and each loop contains a coolant pump and a steam generator. 
More than 15 auxiliary systems are incorporated into the 
reactor to insure normal operation, engineering safeguards, 
and environmental protection. Saturated steam is supplied 
by the nuclear steam supply system to the steam turbine at a 
rate of 1,871-2,020 metric tons per hour at a pressure of 
53.0-56.5 kg/cm, which can produce 300MW of electric power 
Or more, A great deal of research and experimental work has 
been done in order to verify and confirm the design and 
Satisfactory results have been obtained. 


I. Introduction 


The first nuclear power station China is setting out to build will have 300MW 
of electric power and will be built in eastern China. The eastern part of 
China is economically more devesoped and has a shortage of energy, therefore 
it is an appropriate region for developing nuclear power. By building and 
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operating this nuclear power station, China may begin to form a nuclear 

power industry, train technical personnel, and accumulate experience, systema- 
tically acquiring nuclear power technology for future development. This pro- 
ject is therefore highly significant for the development of the national ecouomy 
as well as science and technology. 


The power system of this reactor consists of three main parts: the pressurized 
water reactor, the primary circuit, and the secondary circuit. The reactor and 
the primary circuit are called the nuclear island of the power station. Its 
design draws upon useful domstic and foreign experience and the research and 
experimental results of this project. But it is, after all, the first nuclear 
power station designed and built by the Chinese who still lack the experience 
of operating a nuclear power station. For this reason, safety, rather than 
high performance, has been given top priority in the design strategy. An ample 
safety margin has been kept in the selection of physical, thermal engineering 
and stress intensity parameters. Multiplicity and independence are rigorously 
observed in control protection and safety measures. In the treatment of radio- 
active "three wastes" and environmental protection, the goal is not only to 
meet the standard but also to reduce the environmental impact as much as 
possitle. 


Based on the building thought described above, it is more appropriate to set 

the technical target a little bit lower which can be raised in the future after 
more experience has been gained. Two operating conditions have been considered. 
Under normal operating conditions, the thermal power of the reactor is 966MW and 
the average power density of the reactor core is 68.6 kW per liter. The reactor 
power is expected to be raised to 1,035 MW after the power station is built 

and sufficient experience is gained, the latter corresponds to an average power 
density of 73.5 kW per liter in the reactor core and is the enhanced operating 
mode. The operating pressure of the reactor and the primary circuit is 155 atm 
for both operating modes and the flow rate of the coolant is 24,000 metric tons 
per hour. Under normal operating conditions, the coolant temperature at tiie 
intake and the outlet of the reactor are respectively 288.8°C and 315.2 °C. In 
the enhanced mode the intake and outlet temperatures are respectively 287.9°C 
and 316.1°C. The average temperature of the coolant is 302°C in both operating 
conditions. 


The primary circuit consists of two loops and each loop has a main pump and a 
steam generator. In the normal operating mode, the vapor pressure and flow 
rate generated in the secondary circuit are respectively 53 atm and 2x935.5 
metric tons per hour. In the enhanced operating mode, they are 56.5 atm and 
2x1010 metric tons per hour. Figure 1 shows the important parameters and flow 
diagram of the power station. 


Il. The Reactor 


The reactor is the pressurized water type and uses low concentration uranium as 
fuel. Water with boric acid is used as a moderator and as a coolant, the reac- 
tivity of the reactor is controlled by the concentration of the boric acid 
solution and by the control rods. 
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The body of the reactor consists of the reactor core (including fuel assemblies 
and control rod clusters) core structure, pressure vessel and control rod drive 
mechanism, as shown in Fig. 2. 


2.1 Reactor core 


The reactor core consists of 121 fuel assemblies arranged in a square lattice 
with an approximately circular cross-section, see Fig 3. 


The original fuel assemblies in the reactor core have three different concentra- 
tions of 235y: 3 percent, 2.672 percent and 2.4 percent. The 40 fuel assem- 
blies with 3 percent concentration are located near the periphery and the 40 
fuel assemblies of 2.672 percent concentration are interdispersed in the inner 
zone. Subsequent refueling will be made with 3 percent enriched fuel. Upon 
refueling, the 40 assemblies in the inner zone are first removed and the 40 
assemblies in the peripheral zone are moved to the inner zone and 40 new ones 
are put into peripheral zone. The period for balanced refueling is 300 days 
and the average burnup factor is 24,000 MWd/t. The effective core height (the 
heignt of the fuel slug in the core) is 2.9 meters and the equivalent diameter 
is 2.486 meters and the total UOz fuel inventory is 40.744 metric tons. 


Fuel rods are arranged in 15x15 assemblies with a square cross-section, the 
center-to-center distance between adjacent rods is 1.33 cm, each assembly has 
204 fuel rods, 20 control rods and one neutron flux monitor tube. The fuel rod 
tube is made of zirconium-4 alloy with a wall thickness of 0.7 mm. The  eianead 
of the U02 fuel slug is 8.43 mm. The control rod is made of Ago,gIN , 

alloy sealed in OCrl8Ni9Ti stainless steel jacket. Along the length 13° o> 

fuel assembly, there are 8 grid plates to locate and support the fuel rods and 
to ensure a free passage of the coolant. The material of the grid plate is 
Chinese-made GH-169 nickel base alloy and its properties are similar to 
Inconnel-718 alloy. 


The selection of the reactor core grid is based on research in China, taking 
into account the physical, thermal engineering, and structural considerations. 
Using these grids, the reactor core water-uranium volume ratio (Vy 90/Vuo ) is 
2.0653, the cold clean effective multiplication coefficient Kger i ae 269 which 
has a maximum value of 1.236 for hot zero energy and 1.221 at 5 iF full power. 
The compensation and control of the reaction uses a combination of boric [acid] 
solution concentration adjustment and insertion of control rods. Furthermore, 
in order to prevent positive temperature coefficient, fissionable poisoning 
rods will be installed in the core to suppress excessive reactivity and to 
homogenize the distribution of the neutron flux. 


To verify the design of the reactor core, a zero-energy critical test apparatus 
was built at the Shanghai Institute of Nuclear Research to provide experimental 
data for the engineering design. Experiments completed so far include critical- 
ity test, power distribution (neutron flux distribution) text, and control rod 
and boric [acid] solution equivalence reactivity test. Comparison of the 
experimental results in the criticality test with the five criticality computa- 
tion procedures shows the relative standard deviation of Kerf is less than 
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l percent and satisfactory calculation accuracy has been achieved without 
invoking any empirical correction factor in a number of conditions with widely 
different water-uranium ratio, boric [acid] solution concentration and control 
rod position, which indicates that the method of calculation and the experi- 
mental data are reliable. Reactor core power distribution (neutron flux dis- 
tribution) test showed good agreement of calculated neutron flux peak and hot 
channel position with test results. 


Design calculation and test result showed that for this reactor core the net 


power inhomogeneity coefficient Eq = 2.9 and the enthalpy hot channel factor 
Ey = 1.667. 


Computation procedures were deviced to make steady state thermal calculations 
for the reactor core. It is based on a single channel analysis model of “hot 
channel" and "hot point" and takes into account the effects of transverse flow 
between adjacent channels. In the single channel model, the hot channel is 
taken to be a closed channel and all the effects of engineering hot channel 
factors are concentrated on the hot channel and the hot point. As long as the 
channel meets the design specification, the entire core will meet the specifi- 
cation. In view of the open channel design of the reactor core, the fact that 
there will be an exchange of momentum, mass and heat between adjacent channels, 
the enthalpy increase of the hot channel will be less and this is taken into 
account in the calculation by a "flow mixing factor" which has a value less 
than unity. The calculation of the hot channel factor uses a statistical 
method and the critical load calculation uses the Westinghouse W-3 formula. 
Water resistance tests and critical heat load simulation tests have been 
performed for the fuel assembly on the test bench; good results were obtained 
and the design was imporved in the course of obtaining the experimental results. 


2.2 The Reactor Core Structure 


The functions of the reactor core structure are: to house and to position the 
fuel assemblies which form the reactor core, to guide the coolant through the 
core to carry out the heat energy and to cool the fuel assembly, to guide the 
37 control rod assemblies for reliable and speedy motion in the core. In 
addition, 41 thermocouples will be monitoring the coolant temperature at the 
outlet. Support and guides will be installed for the 30 neutron flux monitor 
tubes and the 8 pressure vessel radiation monitor tubes. 


Figure 2 shows the two principal parts of the reactor core structure: the 
core barrel and the hold-down device. 


The reactor core made up by 121 fuel assemblies is located between the top and 
bottom plates of the barrel. Each assembly is fixed in position by two locat- 
ing pins on the top and bottom plates. In addition, the hold-down mechanism 
above the top plate presses on all the fuel rods through the top plate and the 
springs in the upper tube of the fuel assembly. The separation between adja- 
cent assemblies is 1 mm. A flow limiting confinement plate on the edge of the 
outermost fuel assemblies surrounds the reactor core and limits the outflow of 
coolant (see Fig 3). The cylindrical body of the hanging basket is located out- 
side the confinement plate and separated from it by a water layer of 132mm 
average thickness which serves as a neutron reflection layer. The barrel is 
surrounded by a 85 mm thick heat shield to reduce neutron and gamma ray radi- 
ation damage to the pressue vessel. 
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The barrel is suspended in the pressure vessel by its top flange and is kept 

in position by four slot keys around the periphery of the top flange. On the 
top part of the barrel cylinder there are two cooling water outlets which mate 
with the outlet nozzle on the pressure vessel. The dimension is such that a 
minimum gap exists at the joint in the hot state to reduce leakage flow between 
water at different temperatures as much as possible. 


The lower flange of the barrel is connected to the lower grid plate assembly 

by screw bolts. The lower assembly consists of a 250mm thick barrel bottom 
plate, a thinner flow distributor plate, the reactor bottom plate and 61 adjust- 
able support rods. A number of flow holes are located on the flow distributor 
plate and on the bottom plate of the reactvr core so that the prescribed amount 
of coolant may flow upward into the core. An antibreakage support assembly will 
be installed on the lowest part of the hanging basket, it consists of four 
support rods, four buffers and two layers of anti-breakage plates. In case 

the barrel breaks during operation dropping the core, the antibreakage support 
would limit the maximum distance of drop to 16mm and would prevent the control 
rods from coming out of the guide tube so that the accident would not become 
more serious. 


The principal structure material for the parts in the reaccor core is OCr)gNigTi 
stainless steel; thick parts are forged and thin parts are made from stock 
plates and tubes. Some locating pins and screws are made of a nickel based 
alloy (Inconel) and the elastic hold-down is made of 1Crl3. 


Detailed analysis and calculation and accompanying experiments are performed 
for crucial parts and assemblies of the structure inside the reactor core in 
terms of rigidity, strength, stress, strain ani vibration frequency. For 
example, stress-strain test was conducted for the hold-down ring, characteristic 
frequency and vibration pattern were measured for a barrel heat shield mdel 
situated in air, rigidity and strength were tested for a model of the barrel 
lower grid plate assembly, strength tests were made for the hold-down support 
assembly, and fatigue vibration tests were made for the screw bolts that con- 
nect the lower grid plate to the barrel cylinder body. Motion tests. were made 
for. material assembly under static water and moving water to assess the 
control rod travel, guiding tube adjustment and the speed and reliability of 
the insertion and pull-out of the control rods. The tests showed satisfactory 
results and timely improvements were made to the design. 


2.3 The Pressure Vessel 


The pressure vessel is a steel cylindrical high pressure container that houses 
the reactor core and other structure in the reactor. Its upper and lower seals 
are semispherical in shape (see Fig 2), the total height is 10.705 meters, the 
outer diameter of the cylindrical body is 3.740 meters, and it is designed using 
the United States ASME code combined with specific Chinese manufacturing tech- 
niques. The pressure vessel has two principal parts: the top cover and the 
body assembly. The top cover consists of a semi-spherical cap welded to the 

top flange, and the body assembly consists of the flange tube section, the 
cylindrical body, the transition section and the lower seal, all welded together. 
The seal between the top cover and the body is achieved by two concentric "0" 
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rings held down by 48 150mm diameter screw bolts. Four nozzles are welded 
onto the flange tube section and serve as inlets and outlets for the cooling 
water. 


The entire pressure vessel is made of forged parts to avoid lengthwise 

welding seams. To minimize weld seam embrittlement due to neutron radiation, 
there are no weld seams on the part of the vessel directly opposite to the 
reactor core and the two radial weld seams in the flange tube section and in 
the transition section are situated at some distance away from the reactor 
core. The designed wall thickness of the vessel is 194mm and the body is lined 
with a 6mm layer of low-carbon stainless steel stacking weld. Relatively large 
allowance is given to the wall thickness due to safety and reliability con- 
siderations. 


At the top of the pressure vessel there are 37 tube supports for the control 
rod drive mechanism and two tube supports for the reactor temperature measure- 
ment device, all tube supports are made of nickel based alloy. The tube 
supports are cold assembled to the top cover and welded to the 10mm thick nickel 
based weld layer on the inner surface of the cover. The tube support for the 
neutron monitor tube on the lower seal is assembled and welded in the same 
fashion. A 50mm shoulder is located 320mm from the seal surface on the inner 
wall of the vessel, four locating pins on the shoulder keep the entire reactor 
core and supporting structure positioned in the pressure vessel. 


In the design process, finite element stress analysis was made for the pressure 
vessel, electric tests were made on a 1:4 steel model and a 1:10 plastic model 

and various photoelastic tests were conducted. Such analysis and tests showed 

that the stress of the pressure vessel met the specifications of the U.S.ASME- 

LIL code with some allowance to spare. 


The pressure will be built using fine grain Mn-Mo-Ni low alloy steel developed 
by the Chinese, the product number is $271. It is a low alloy structure steel 
and is basically similar to pressure vessel steels used in other countries. 
The $271 steel is a modification of the 18MnMONb steel with the amount of nickel 
increased from 0.25 percent to 0.6 0.9 percent to improve the quenching 
and plastic toughness at the center of large cross-section steel ingots. 


Because the pressure vessel is used in a radiation field, the steel must be 
boron free and the content of Cu, P, Co and S must also be closely controlled. 
Other impurities such as As, Sn and Sb should also be as low as possible. 


Large-ingot smelting uses an electric slag smelting technique. An electric 
slag re-melting furnace has now been built in the Shanghai Heavy Machinery 
Plant and is capable of smelting steel ingots of 200 metric tons and larger. 
A 130-metric-ton electric slag ingot has been test produced and forged. The 
forging method is as follows: 


furnace melting (vacuum outgassing) => producing electrode rod —™ slag re- 
melting —> casting ingot —> forging —» dehydrogenation annealing — rough 
cutting (blank) —» flaw detection» quality optimization —» cutting test 
block ——» performance testing. 
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To examine the various properties of the steel and the production technique, 

a number of test pieces and welding samples have been forged, including a 
Simulated 200mm thick forged ring. Mechanical strength test, hammer impact 
test, fracture toughness test and brittle transformation temperature test were 
made. In addition, TNDT brittle gouparison before and after neutron irridiation 
at an integrated flux of 3.59x10!? was conducted. Judging from the results of 
these tests, the main characteristics of the S271 steel are the same as the 
A508-3 American steel. 


2.4 The Control Rod Drive Mechanism 


The control rod cluster is driven by a drive mechanism of the magnetic elevation 
type, the up and down motion of the drive shaft moves the control rods into 

or out of the reactor core and the control rods may also be kept at a fixed 
position. 


The sealed pressure tube support of the drive mechanism stands vertically on 
the top cover of the pressure vessel, three operating coils (transmission coil, 
clamping coal, and raising coil) surround the tube support. All other parts 
are installed in the tube support and immersed in the boric [acid] solution in 
the reactor. From the time of receiving the shutdown signal (which cuts off 
the electric power to the three coils) to the time when all the control rods 
are inserted into the core, the time elapsed must not exceed 2 seconds. The 
design insures that when any group of control rods (including the group of maxi- 
mum reactivity equivalence) is stuck outside the core and cannot be inserted 
into the core, other groups of control rods can still bring the reactor to a 
hot shutdown state and there will be adequate shutdown depth (negative reactiv- 
ity not less than 1.5 percent). A prototype of the control rod drive has been 
built and tested for 10,000 meters of up and down travel. The mechanism was 
found to »*e durable and reliable. 


[IIIl. The Primary Circuit 


The primary circuit consists of two loops in parallel. The major equipment 
consists of two steam generators and two main pumps connected to the reactor 
by main pipes to form a closed circuit. In addition, the primary circuit 
system also has a pressure stabilizer and a pressure release tank and the 
associated meters and valves for operation control and safety protection. 


3.1 The Steam Generator 


The steam generator is of the upright type with an inverted U tube and a 
steam-water separator on top. The steam-water separator has three stages: 

the first stage separator is of the turbine type, the second stage is a 
corrugated plate with hooks and is connected directly to the first stage, 

the third stage consists of two layers of corrugated plates with hooks and the 
steam flows out of its top. Hot wet steam separation tests showed that the 
dryness of the separated steam is better than 99.9 percent and the performance 
exceeded the design requirements. 
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3.2 The Main Cooling Water Pump 


The main pump is of the upright type. It is a single stage, single speed, 
mixed flow, sealed shaft pump. The shaft seal consits of two static pressure 
seal stages and a mechanical seal stage in series. The two static pressure 
seal stages use a small orifice notched groove structure; under normal opera- 
tion each static seal only experiences one-half of the primary circuit pressure 
(about 80 kg/cm?), but in case one seal fails, a single stage can also with- 
stand the pressure. More than 10,000 hours of tests were made on the seal 
structure in the last few years and good results were obtained. Whole system 
integrated testing is under preparation. 


3.3. The Primary Circuit Main Pipe 


The main pipe is made of OCrl8Ni9Ti stainless steel, the inner diameter is 
700mm, the wall thickness is 65mm and the maximum flow rate in the pipe (in 
the hot section) is 12.5m/sec. A number of plans were compared in determining 
the fabrication technique for the main pipe and it was finally decided that 
the free forging technique used for a 10,000-ton water hydraulic press will be 
used and the tests were successful. Stress analysis and model tests of the 
entire pipe system and stress tests and analysis of crucial components have 
basically been completed. This indicated that the equipment and pipe layout 
and the method of support are sound. 


3.4 The Pressure Stabilizer [Pressurizer] 


The pressure cf the primary circuit is controlled by the pressure stabilizer. 
The pressure stabilizer control system consists of an electric heater and a 
sprayer, together with the associated parts, located respectively in the water 
volume below the pressure stablizer and the steam space above it. The perforn- 
ance and reliability of the electric heater and the sprayer have been repeatedly 
tested. The top of the pressure stabilizer is also equipped with three elec- 
tromagnetic pressure release valves and two safety valves to protect against 
overpressure. 


3.5 The Primary Circuit Auxiliary System 


In addition to the main system, the primary circuit also has 15 auxiliary 
systems. The auxiliary systems may be divided into the following types accord- 
ing to their functions. 


l. Systems to insure the normal operation, start-up and shut-down of the 
reactor and the primary circuit, including chemical volumetric control system 
to adjust the boric concentration and the volume of the cooling water, boron 
recovery system to purify the water in the primary circuit, shaft seal water 
system of the main pump, water drainage system, cooling system, residual heat 
cooling system for after the shutdown, and building ventillation system. 


2. Systems to protect the reactor and the primary circuit in case of water 
loss and to prevent the accident from spreading and the diffusion of radio- 
active material into the environment, including safety injection system for 
emergency cooling of the reactor core, safety shower system to reduce the 
pressure in the containment structure and to remove iodine, and dehydrogenation 
system to prevent the accumulation of hydrogen gas and explosion. 
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3. Systems to recover and treat radioactive material for environmental protec- 
tion such as coilection, purification, and storage systems for waste gas and 
liquid, and solidification system for waste liquid, and solid waste processing 
systen. 


4. In addition to the electric power obtained from the power grid, the power 
plant will also have its own power source. Two or three fast-start diesel 
generators of 2,COQOOkW capacity and a necessary number of dc batteries will be 
installed to ensure that electric power will be available under all circunr- 
Stances cto the most crucial safety devices and control equipment. 


3.6 The Containment Structure 


The reactor andthe primary circuit main system are both housed in an enclosed 
pressure-proof containment structure in the main plant buildling. The contain- 
ment structure is a cylindrical prestressed concrete structure with an inner 
diameter of 36 meters and a wall thickness of 1 meter, the inner surface is 
lined with steel plate for a tight seal. 


IV. The Secondary Circuit 


The major equipment in the secondary circuit is the turbine generator. The 
turbine is a single axle, double cylinder, dual exhaust condensation type 
Saturated steam turbine. The generator is a dua. water internal cooling, 
brushless excitation, three-phase AC generator with a terminal voltage of 18kV. 
The revolution speed will be 1,500 RPM, but a 3,000 RPM plan is still under 
consideration. 


In the event of a sudden loss of load and the steam pressure of the turbine 
builds up, 40 percent of the steam will flow through side branches and will be 
rapidly discharged directly into the condenser after a reduction in t 2mpera- 
ture and pressure in order to avoid excessive variable load impact on the 
reactor. If the main steam pipe bursts, the steam flow will be limited by 

the flow limiter installed at the outlet of the steam generator to prevent 
excessive ccoling due to the loss of steam. 


The circulating cooling water of the condenser will be sea water, the heat 
conduction tube and the tube plate will therefore be titanium. In addition, 
the condensed water will be processed for 100 percent desalinization to 
guarantee water quality. 


The application of nuclear energy is still in the beginning stage in China and 
the effort is gradually developing. Along with in-depth research, design, 

and construction, the technical plan described here will also go through 
modifications and become more complete and better. We believe that by fully 
developing the technical base of the nuclear industry in China and using the 
talents of the people, together with advanced foreign technology, we will be 
able to make China's first nuclear power station a safe and celiable source 

of power on our own. 
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CONSERVATION 


CURRENT HIGH ENERGY CONSUMPTION LEVELS HOBBLE MODERNIZATION PLANS 
Beijing NENG YUAN [JOURNAL OF ENERGY] in Chinese No 1, 25 Feb 83, pp 1-2 
[Article by Huang Zhijie [7806 1807 2638) ] 


[Text] The historic 12th Party Congress has established the guidelines for 
creating a new situation in the construction of socialist modernization, and 
has proposed the glorious goal of quadruping China’s total industrial and 
agricultural production value by the end of this century. Comrade Hu Yaobang 
also stressed in his report to the 12th Party Congress that to realize this 
strategic goal, the energy problem is one key strategic point that must be 


solved well. 


World economic development has proven that the buildup of modernization and 
large-scale increase in energy consumption are linked together. In order 
for China to carry out modernization, energy consumption for production and 
for living cannot remain at the present level of a per capita average con- 
sumption of commercial energy of only 600 kilograms of standard coal. We must 
continue to increase the production of energy so that there will be sufficient 
energy as a material guarantee to satisfy the need for energy in the develop- 
ment of production and in the improvement of the people's material and spiri- 


tual culture. 


But the development of energy needs a definite construction period. Coal 
mines, oil fields, hydroelectric power stations, nuclear power stations or 
thermal power plants (including coal mines) that are of slightly larger scale 
generally require 8 to 10 years before they can produce results. In view of 
the present production of energy in China, the economic structure is irra- 
tional and the proportion between sectors is imbalanced. There is a serious 
shortage of energy because in the past, the important function of energy in 
national economic development was not sufficiently understood. In planning 
and arrangement, too much emphasis was placed on the development of a certain 
sector, too many energy consuming departments were built too quickly, and the 
buildup of the energy industry could not catch up with the needs of develop- 
ment of the other sectors. 


In the development and utilization of enerey without clearly knowing the 


petroleum resources and in copying the experience in national buildup of 
developed nations in the belief that China should produce more oil, use more 
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oil, we inappropriately expanded the sectors that use petroleum. At the same 
time, we overly reduced investment in the buildup of coal mines. This reduced 
the newly added annual production capabilities of the coal mines from more 
than 20 million tons during the First and Second 5-Year Plans to the present 
10 million tons. To increase the output of coal, some mines strengthened min- 
ing. This caused an imbalance between tunneling and mining at these coal 
mines. There was a lack of scientific research and long-range plans for 
prospecting, developing and utilizing various types of energy. Because of all 
of these reasons, the scale of coal mines and electric power projects now 
under construction is small, and the productive capability that can be formed 
during the Sixth 5-Year and the Seventh 5-Year Plans is not great. In recent 
years, because state finds are limited, the scale of the buildup in energy 
cannot be enlarged. Therefore, increasing ways for energy production will not 
serve visibly in solving the shortage of energy within the near-term. To 
maintain a definite rate of development of the national economy when the out- 
put of energy cannot be greatly im reased, we can only rely on energy coser- 
vation, use energy conservation to seek increased output, and ask for spied 
from energy conservation. These are the most practical and most effective 
measures to solve the conflict between the supply and demand of energy within 
the future period. For example, in 1980 and 1981, energy production dropped 
1.3 percent and 1.6 percent while the total production value of industry and 
agriculture realized a yrowth of 7.2 percent and 4.5 percent respectively. 
Energy needs were mainly satisfied by relying on conserving energy and reduc- 
ing consumption. Therefore, conserving energy and reducing consumption in a 
big way are needed in national economic development. 


Also, in understanding energy conservation, we should view it in the light of 
realizing the four modernizations. This is because the course of conserving 
energy is actually a course of gradual modernization of production and life. 
All efforts in scientific management, in civilized production, in the renova- 
tion and improvement of equipment, in reforming production technology, in ur- 
ban gasification and heating, etc. are progress towards modernization. Also, 
while conserving energy, the amount of energy consumption is reduced, and 
frequently, this can reduce pollution and protect the environment. We cannot 
imagine that we can establish China's modernization on the foundation of a low 
rate of utilization of energy and serious environmental pollution. Therefore, 
greatly conserving energy and reducing consumption are needed in modernization. 


We should see that the potential to conserve energy in China is very great. 
In view of the energy consumption per unit of gross national product, our 
nation ranks 113th in the world. Even in developing nations, we still lag 
behind, let alone comparing our nation with developed nations. Of course, 
there are also such factors as prices which are not comparable. But, compar- 
ing our nation's own figures, the national income created per unit of energy 
consumption now has not even reached the level that had been reached in the 
past. During the First 5-Year Plan period, the national income created by the 
consumption of 1 ton of standard coal was 1,089 yuan. In 1981, this was only 
651 yuan, 40 percent less than that during the First 5-Year Plan period. In 
addition, even in Japan, which is most conservative in the utilization of 
energy among developed nations, there is still a great potential even after 
the energy crisis. Japan's gross national product calculated at constant 
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1980 prices showed an increase of 36 percent over 1973 while energy consump- 
tion increased only 5.1 percent. During this period, civilian consumption of 
energy increased by a very large amount. In the industrial sector, industrial 
production during this period increased 20.7 percent while energy consumption 
dropped 4.7 percent. This shows that before the energy crisis, the price of 
energy was relatively low. Each nation, in the use of energy, did not pay 
attention to conservation. At present, relatively large potential for energy 
conservation exists. Because China's standard of business management is not 
high, technological processes and technical equipment are relatively backward, 
in contrast, the potential for energy conservation is even greater. 


Technical progress is an important guarantee to realize the glorious goal of 
quadrupling total industrial and agricultural production value within this 
century. If the technical situation of enterp ‘ses does not undergo a rela- 
tively great change, if technology and equipmen. -emain the same, and if the 
consumption of energy and raw materials remains this high, it will be diffi- 
cult to realize quadrupling. Therefore, to greatly conserve energy and reduce 
consumption, we must rely on progress in science and technology, and develop 
technical improvements centered around energy conservation, 


The main reason for the high consumption of energy in China is that industrial 
and technical equipment is backward. According to statistics, among the more 
than 20,000 civilian electrical and mechanical products, half are of the stan- 
dards of the 1940's and 1950's. Therefore, to greatly conserve energy, we 
must start out from the view of conserving energy, we must technically improve 
equipment and technology, gradually renovate old and outdated equipment and 
replace such equipment with new types of energy efficient equipment. 


In the work of conserving energy, renovation and rebuilding old and outdated 
equipment frequently place more emphasis on the rebuilding of energy convert- 
ing equipment, such as technical improvement of boilers with a low efficiency, 
renovation and replacement of medium- and low-voltage generators, etc. There 
is insufficient emphasis on the renovation and reform of equipment that con- 
sumes energy for production. This is because the equipment that consumes 
energy for production is relatively scattered. The number of units of such 
equipment renovated and rebuilt for conserving energy is very limited. 
Actually, some energy consuming equipment are used in large quantities, and 
the scope of application is very broad. With slight improvement, they can 
produce visible energy conserving results. For example, Chinese-manufactured 
trucks have a more than 20 percent higher fuel consumption per 100 kilometers 
than similar foreign products. The efficiency of water pumps and ventilators 
is lower than foreign products by more than 10 percent. The wear of voltage 
transformers and electrical motors is much higher than that of foreign prod- 
ucts. The energy conserved by technical improvements of such equipment is 
secondary energy that had been converted by processing. The result of energy 
conservation is greater than conserving unconverted one-time energy. 


In recent years, although a lot of work has been done in strengthening energy 
management, and although definite results have been realized, but this is 
still an important way to conserve energy in the future. At present, the 
standard of business management is not high, ard a scientific management 
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system for energy has not been established, therefore, we must strengthen 
scientific management and fundamental work in energy, establish and make 
sound energy management agencies, assign energy management personnel, gradu- 
ally perfect testing and measuring, balance the amount of energy for enter- 
prises, and understand the main links and causes of energy loss. In this 
way, we can take measures that have specific aims in energy conservation so 
that energy conservation can be more effective. 


The reasons why energy cannot be rationally and effectively utilized includes 
managerial problems and technical problems and also economic policy problems. 
When the economic policies are appropriate, the enthusiasm in energy conserva- 
tion is mobilized, the utilization of energy will become more rational, and 
the number of users of energy will drop. If the economic policies are inappro- 
priate, even when there are regulations on energy conservation and rational 
utilization of energy, in the course of execution, there will be various ex- 
cuses for not carrying out the regulations well. For example, liquefaction of 
petroleum for civilian use is both clean and convenient. Liquefied gas from 

1 ton of petroleum can replace 6 to 7 tons of raw coal. In most developed 
foreign nations, over half is supplied for civilian use. As a proportion of 
chemical raw materials, it generally does not surpass 20 percent except in in- 
dividual nations with a higher proportion. On the international market, its 
price is generally double the price of crude oil. The retail price of lique- 
fied petroleum gas is close to twice the price of crude oil, but the factory 
price is only one-half that of the price of crude oil. Therefore, to the oil 
refineries and chemical plants, the use of other forms of energy to replace 
liquefied petroleum gas as a fuel will increase the cost of production. This 
problem is more outstanding especially after adding taxes on burning heavy 
oil. If a ton of liquefied petroleum gas sells for twice the price of crude 
oil, then, only those with especially good economic resuits and those that 
truly need it in production will use it. Enterprises that can do without it 
will take the initiative to change to the use of other fuels in order to re- 
duce cost. 
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CONSERVATION 


CONSERVATION STILL SEEN AS SOLUTION TO ENERGY PROBLEM 
Lanzhou GANSU RIBAO in Chinese 11 Apr 83 p 4 
[Article by Li Heihu [2621 7815 5706] and Zhou Shushi [0719 2611 1395]] 


[Text] The energy industry is a relatively weak sector in China's economy. 
According to relevant data, due to the energy shortage, only about 70 percent 
of the country's industrial production capacity can be developed. The energy 
shortage not crly holds back China's industries, it also has become the major 
obstacle to growth of the national economy. 


The energy problem sourees demands our closest attention. The ways to resolve 
China's energy problem is to create new sources and reduce consumption. 


Opening up sources means expanding the production capacity of the nation's 
energy industry. In order to do this, it is necessary for the state to con- 
centrate capital, manpower, and materials to construct new energy bases. 
Science and technology must be developed to study the development and util- 
ization of new sources of energy such as solar energy, nuclear energy, wind 
energy, and geothermal energy. Given the present financial, material, and 
technological donditions of the country, it will be very difficult to develop 
[new] sources or to produce results quickly. Today, therefore, the most 
effective way to resolve China's energy problem lies in conservation, energy 
conservation, that is. The reasons are: 


First, the standard for energy consumption in China is far behind that of the 
developed countries. In China the energy consumption for each 1,000 U.S. 
dollars worth of agricultural products is 1.7 tons of standary coal, 32, 42, 
139, and 214 percent higher than the U.S, the USSR, Japan, and West Germany 
respectively. When compared with the national income, energy consumption in 
the U.S. is 4.3 times that of China while its national income is 11 times 
that of China. The energy consumption of the USSR is 2.5 times that of 

China and its national income is 3.2 times that of China. The energy 
consumption of Japan is only 86 percent of that of China while its national 
income is 4.6 times that of China. Also, the unit energy consumption of indus- 
trial products in China is also very much backward compared with the level of 
the advanced countries. 
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Second, the present level of energy consumption is very different from the 
highest historical record in China. During the First Five-Year Plan, the 
energy consumption per 100 million yuan of products was 91,800 tons of 
standard coal. By the middle of the 60's, it rose to 136,000 tons; by the 
end of the 70's it rose further to 174,000 tons, an increase of 89.5 percent 
over that of the First Five-Year Plan period. The national income produced 
per 10,000 tons of energy now amounts to only half that of the First Five- 
Year Plan period. 


Finally, although in absolute figures China's energy resources and output can- 
not be considered small, they rank along with the backward countries in terms 
of the per capita average. 


This demonstrates that in terms of energy utilization results the potential 
in China is very great, but in terms of per capita energy supply, it is quite 
deficient. These factors determine that we must try hard to raise the econ- 
omic benefit of energy consumption through conservation to make up for the 
current energy gap. 


Energy conservation includes two aspects. The first, "microeconomic conser- 
vation," involves the improvement of economic gain of industrial energy con- 
sumption and stresses scientific management of enterprises, the formulation 
of advanced energy consumption quotas, and the prevention of loss and the 
recycling of surplus heat to achieve conservation. It is cheap and brings 
quick results. However, only a few enterprises can do this, as potential is 
limited. It is referred to as energy conservation in the narrow sense. The 
second, "macroeconomic conservation," involves the improvement of economic 
gain of energy conservation of the entire society and gives overall consider- 
ation to energy for production, transportation, etc. In other words, consid- 
eration to the direct consumption of energy as well as the indirect consump- 
tion in all the intermediate links from production to utilization, stressing 
the economic benefit of energy consumption taken in the context of the entire 
society. As this type of conservation involves all segments of the national 
economy, it is referred to as energy conservation in the broad sense. Ob- 
viously, conservation in the narrow sense is the foundation and energy con- 
servation in the broad sense is an expansion based on this foundation. The 
economic benefit and the potential of energy conservation in the broad sense 
are far greater than energy conservation in the narrow sense. For example, in 
1978, the gangue and ash content of Chinese coal was 24 percent. If reduced 
to the lowest historical level, the shipping of 17,000,000 tons could be 
eliminated. If 10 percent of the transportation loed could be eliminated in 
the country, 4,000,000 tons of standard coal could be conserved. Again, for 
example, if China's population increase could be reduced 0.1 percent per year, 
on the basis of 0.3 tons of standard coal consumed through consumer goods per 
person per year, 1,000,000 tons of standard coal could be saved. For this 
reason, in view of improving the economic benefit of energy consumption of 
the entire society the emphasis should be on energy conservation in the broad 
sense. 


In order to realize energy conservation in the broad sense, attention should 
be given to the following problems: 
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(1) On the basis of the principle of priority distribution, the energy supply 
should be correctly and selectively distributed to improve the structure of 
energy consumption. 


The principle of priority distribution of energy is in reality a selective 
distribution on the basis of the extent of economic benefit gained from the 
energy use. The extent of economic benefit is measured by the margin of 
profit. Selective distribution involves two aspects: One is when different 
types of energy can be used in a particular production process, the energy 
with the greater profit margin for that process should be preferred. Fecr 
example, as a fuel, the profit margin of coal is greater than that of petrol- 
eum, therefore, coal should be preferred as fuel. The other is when one type 
of energy is used for different types of production, the quantity of distri-~ 
bution among the various users should be determined and sequentially in the 
order of the extent of the margin of profit. For example, petroleum may be 
used as a chemical raw material as well as a fuel, but its margin of profit 
from the former is much higher than the latter, therefore, it should be used 
chiefly as a chemical raw material. The state snould determine a rational 
energy consumption structure on the basis of the priority distribution prin- 
ciple and the quantity of the various types of energy the state has. That is 
to say, the state should determine a ratio of consumption of each type of 
energy consumed by the varivws sectors of the national economy. An enter- 
prise should also select the energy [it will use] on the basis of the princi- 
ple of priority distribution to use it rationally within the range determined 
by the state's energy policy. 


(2) Energy conservation through renewal and retrofit of existing equipment 
of enterprises. 


China's energy utilization rate is only 30 percent. If it could be raised to 
40 percent, nearly 100 million tons of standard coal could be saved a year. 
Raising the energy utilization rate should begin with renewal and recon- 
struction of technical equipment. The emphasis should be on equipment of 
high energy consumption and low efficiency and here, the potential is tre- 
mendous. For example, if boilers with a heat efficiency of 75 percent are 
adopted, 50,000,000 tons of standard coal could be saved every year by 
China's 190,000 industrial boilers. As a matter of fact, 55 percent of 
China's 26,000 types of machinery was made in the 40's and 50's. They are 
called "coal tigers" and "electricity tigers," but with renewal and recon- 
struction, the energy conservation benefits from them will be considerable. 
In order to accomplish this, heavy industry will be required not only to 
develop new technologies and new equipment for saving energy but also to have 
enough capital to guarantee [the project]. Under the current somewhat tight 
capital constraints of the state, key items of reconstruction should be al- 
located to such power equipment as boilers, trucks, internal combustion 
engines, etc. With respect to the needed capital, the following may be at- 
tempted: 1) Drawing from depreciation funds; 2) Raising an energy conserva- 
tion fund by the state from (a) the expenditure saved from energy conservation 
measures; and (b) a portion of the profit made from the economic benefits of 
the improved utilization of energy; and 3) Raising capital through bank loans. 


(3) Saving energy by reforming the industry structure and the product struc- 
ture: 
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Restructuring industry is the major way of realizing macroeconomic energy 
conservation. ‘This program is especially necessary in China. According to 
statistics, in 1980 the energy saved in China amounted to 35,000,000 tons 
of standard coal, 60 percent of which was achieved by readjusting the 
economic structure. The ratio of light industry in the national economy 
was raised, more enterprises of less energy consumption were developed, 
fewer enterprises with an already too high ratio and relatively high 

energy consumption were developed, and an objective proportion among large, 
medium, and small enterprises was established. Those are the aspects neces- 
Sary to complete the transformation of the industrial structure from an 
energy consuming type to an energy saving type. 


Another important aspect of energy conservation is reconstructing the back- 
ward product structure. Among industrial products of China, some “over- 
sized and unsophisticated" ones are often also those consuming a large 
amount of energy. These products should naturally be eliminated or re- 
formed. With regard to consumer products, attention should also be given 
to reducing the energy needed co operate them so that there is a saving of 
energy as well as consideration of consumer benefit. 


(4) Readjusting the price of energy to promote energy conservation: The 
current price of energy supply is irrational because it is too low; therefore, 
there is no lever to limit the energy consumption of enterprises in their 
production process. With a conspicuous contradiction between energy supply 
and energy demand, the success or failure of energy conservation depends upon 
readjusting the price of energy. The price of energy should be revised on the 
basis of the extent of energy shortages and the supply and demand relationship. 
At present, the price of energy may perhaps be properly raised in a planned 
manner according to the principle of value. The price of energy of limited 
production may be raised to a higher range while that for the energy the 
consumption of which is being encouraged may be lowered somewhat. Or, the 
energy that is supplied in a fixed quota may be charged at parity while the 
energy that is supplied over and above a quota may be charged at a high price 
to encourage the enterprises to measure carefully the conservation of energy. 
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